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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a liquid crys- 5 
tal display element, a substrate for the liquid crystal dis- 
play element, a liquid crystal display, a method for 
fabricating the liquid crystal display element, and a 
method for driving the liquid crystal display element, 
which have a display capability of a high-speed io 
response and a wide viewing angle. More particularly, 
the present invention relates to a liquid crystal display 
element, a substrate for the liquid crystal display ele- 
ment, a liquid crystal display, a method for fabricating 
the liquid crystal display element, and a method for driv- is 
ing the liquid crystal display element, which are of an 
optically self -compensated birefringence mode cell type 
and facilitate spray to bend transition. 

BACKGROUND OF THE INVENTION 20 

[0002] With advance of multimedia technologies, 
Image information has greatly occupied a position in 
multimedia. In recent years, a liquid crystal display with 
high contrast and a wide viewing angle has been devel- 25 
oped and put to practical use, with development of liquid 
crystal technologies. Now, the liquid crystal display is 
equal to a CRT (Cathode Ray Tube) display in perform- 
ance. 

[0003] However, in the current liquid crystal display, 30 
an image is blurred due to image retention because of a 
low response speed in display of a moving image. In this 
respect, the current liquid crystal display is inferior to the 
CRT display 

[0004] In the past, many attempts have been made 35 
to provide a high-speed responsive liquid crystal dis- 
play. While various liquid crystal display systems of the 
high-speed response are arranged by Wu et ai. (C.S. 
Wu and S.T Wu, SPIE, 1665, 250 (1992)), a system 
and method that realizes a response characteristic 40 
required for display of a moving image is limited. 
[0005] Specifically, in the current NTSC (National 
Television Standard Committee) system, it is required 
that a liquid crystal follow a video signal in one frame 
(16.7msec). While the current liquid crystal display has 45 
satisfactorily high-speed responsiveness between white 
and black values, it has responsiveness as slow as not 
less than 100 msec in a response between gray scales 
in multiple gray scale display. In particular, the response 
between gray scales in an area where a driving voltage so 
is low is noticeably slow. 

[0006] Currently, as potential liquid crystal displays 
having high-speed responsiveness suitable for display 
of the moving image, there are an OCB (Optically Com- 
pensated Birefringence) mode liquid crystal display ele- ss 
ment, a ferroelectric liquid crystal display element, and 
an antiferroelectric liquid crystal display element. 
[0007] In actuality, however, the ferroelectric liquid 



crystal display element and the antiferroelectric liquid 
crystal display element having a layer structure have 
many problems associated with their practical use: low 
shook resistance, a limited range of available tempera- 
tures, high temperature dependency of property, and so 
forth. Hence, the OCB mode liquid crystal display ele- 
ment using a nematic liquid crystal is considered to be 
promising as the liquid crystal display element suitable 
for display of the moving image. 

[0008] The OCB mode liquid crystal display ele- 
ment is a display system, the responsiveness of which 
was demonstrated by J.RBos in 1 983. Thereafter, it was 
demonstrated that combination of the OCB mode liquid 
crystal display element and a film retardation film 
brought about a display with a wider viewing angle and 
a high-speed responsiveness, and the OCB mode liquid 
crystal display element has been studied and developed 
actively. 

[0009] Referring to Figure 14, the OCB mode liquid 
crystal display element comprises a glass substrate 1 
on which a transparent electrode 2 is formed, a glass 
substrate 8 on which a transparent electrode 7 is 
formed, and a liquid crystal layer 4 disposed between 
the substrates 1 and 8. Alignment layers 3, 6 are formed 
on the electrodes 2 and 7, respectively, and have been 
subjected to alignment treatment to orient liquid crystal 
molecules in parallel with one another and in the same 
direction. Polarizers 13 and 16 are provided in cross 
nicol on the outsides of the substrates 1 and 8, respec- 
tively. A retardation film 17 is interposed between the 
polarizer 13 and the substrate 1 and a retardation film 
18 is interposed between the polarizer 16 and the sub- 
strate 8. 

[0010] A liquid crystal cell so structured is charac- 
terized in that bend orientation or bend orientation 
including twist orientation is induced in a central portion 
of the cell by application of a voltage and the retardation 
films 17 and 18 are provided for driving a low voltage 
and enlarging a viewing angle. The cell has a capability 
of a high-speed response in a medium gray scale dis- 
play area and a wide viewing angle characteristic. 
[0011] In a normal state, the OCB mode liquid crys- 
tal display element is operated at a voltage at which a 
liquid crystal in a liquid crystal panel maintain the bend 
orientation. Below a given voltage, since the spray ori- 
entation state is more stable than the bend orientation 
state, transition to the spray orientation takes place. 
This transition is irreversible. A pixel with the spray ori- 
entation is thereafter left on the liquid crystal display ele- 
ment as a display defect (luminescent spot), which 
impedes its normal display operation. 
[0012] In the OCB mode, an initialization process 
for transitioning from an initial spray orientation state 4a 
to a bend orientation state 4b by application of a voltage 
is essential. 

[0013] However, the application of the voltage at 
approximately several volts requires some minutes for 
the initialization process, which is one of the problems 
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with the OCB mode. Accordingly, there is a need for a 
liquid crystal display element with a high transition 
speed in which the bend orientation is easily formed by 
applying a voltage at several volts. 

[0014] Japanese Patent Application Publication No. 5 
11-7018 discloses techniques for high-speed transition 
from the spray orientation to the bend orientation (here- 
inafter referred to as "spray to bend transition") in the 
OCB liquid crystal display mode. The techniques are a 
technique for adding a chiral agent to a liquid crystal, a io 
technique for uniformly forming twist over the entire sur- 
face of a liquid crystal panel at an angle of 1 80 degrees, 
and a technique for uniformly forming twist over the 
entire surface of the liquid crystal panel at an angle of 
10 degrees. However, these techniques are not useful 15 
in achieving the high-speed spray to bend transition. 
When the spray to bend transition unreliably takes place 
and thereby an area of the spray orientation is locally 
left, the area becomes a luminescent spot, which looks 
like a spot defect. 20 

SUMMARY OF THE INVENTION 

[0015] The present invention is directed to solving 
aforesaid problems and an object of the present inven- 25 
tion is to provide a liquid crystal display element, a sub- 
strate for the liquid crystal display element, a liquid 
crystal display, a method for fabricating the liquid crystal 
display element, and a method for driving the liquid 
crystal display element, which are capable of high- 30 
speed and reliable transition of spray orientation to bend 
orientation. 

[001 6] To solve the aforesaid problem, the inventors 
observed the behavior of the spray to bend transition. 
The observation result is that a nucleus of the bend ori- 35 
entation is generated from a specific portion and is 
grown. After intensive study, the inventors discovered 
that a twist orientation locally formed becomes a 
nucleus, from which bend transition occurs. 
[0017] A first aspect of the present invention is 40 
based on this knowledge. According to a first aspect of 
the present invention, there is provided a liquid crystal 
display element comprising at least one substrate and a 
liquid crystal layer, wherein a different orientation direc- 
tion area of an orientation direction locally different from 45 
an orientation direction of the other area is present on 
the liquid crystal layer. More specifically, the liquid crys- 
tal display element comprises a pair of substrates and a 
liquid crystal layer, wherein the pair of substrates have 
been subjected to substantially parallel alignment treat- 50 
ment and a different orientation direction area of an ori- 
entation direction locally different from an orientation 
direction of the other area is present on the liquid crystal 
layer. 

[0018] With such a configuration, since the nucleus 55 
of the bend orientation is generated from the different 
orientation direction area by utilizing a nematic liquid 
crystal and is grown, causing the spray to bend transi- 



tion to occur, high-speed and reliable spray to bend 
transition becomes possible. The substrate as defined 
herein refers to a plate-shaped member having an inner 
surface contact with a liquid crystal layer in a con- 
structed liquid crystal display element, including an 
upper substrate, a lower substrate, a color filter sub- 
strate, a TFT substrate, and the like. 
[0019] The different orientation direction area may 
be stationary or nonstationary. The nonstationary differ- 
ent orientation direction area includes an area having a 
transient orientation state or an orientation state formed 
by the lateral electric field. 

[0020] The stationary different orientation direction 
area is formed by an orientation capability of the mem- 
ber contact with the liquid crystal with respect to the liq- 
uid crystal molecules. The orientation capability is 
realized by alignment treatment performed on the mem- 
ber contact with the liquid crystal and the orientation 
capability of the member with respect to the liquid crys- 
tal molecules. 

[0021 ] As the alignment treatment performed on the 
membercontact with the liquid crystal, rubbing, a photo- 
alignment treatment, formation of grooves on the sur- 
face of the member, and formation of a scratch on the 
surface of the substrate can be employed. 
[0022] As the orientation capability of the member 
contact with the liquid crystal with respect to the liquid 
crystal molecules, water-repellency and hydrophilicity of 
a material of which the member is made, and a shape of 
the member may be employed. 

[0023] The rubbing treatment is performed in a vari- 
ety of manners. A second aspect of the present inven- 
tion is preferred manners of the rubbing treatment. In 
the liquid crystal display element according to the sec- 
ond aspect of the present invention, at least one sub- 
strate has been subjected to alignment treatment such 
that a different orientation direction area of an orienta- 
tion direction locally different from an orientation direc- 
tion of the other area is present in the liquid crystal layer 
and the alignment treatment is a rubbing treatment. 
[0024] To form the different orientation direction 
area by rubbing, the steric obstacle is formed on the 
inner surface of the substrate and rubbing is performed 
on the substrate having the steric obstacle. Thereby, 
rubbing is controlled by the steric obstacle to thereby 
form the area subjected to alignment treatment differ- 
ently from the other area around the steric obstacle on 
the inner surface of the substrate. The portion of the liq- 
uid crystal situated on the area becomes the different 
orientation direction area. 

[0025] The steric obstacle has a shape to control 
rubbing, including a column-shaped body, a cone- 
shaped body, or a convex body 

[0026] The steric obstacle may be a complex body 
constituted by a plurality of steric obstacles formed as 
being contact with each other. With such a configura- 
tion, a portion where the different orientation direction 
areas are contact with each other is generated and 
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functions as a nucleus of transition. Consequently, 
higher-speed and more reliable spray to bend transition 
is achieved. 

[0027] The steric obstacle serves as the column 
spacer. With such a structure, the column spacers can 5 
be saved. 

[0028] Next, the inventors found the following 
knowledge. When the applied voltage is set to zero volt 
momently after transition of the liquid crystal to the bend 
orientation, the liquid crystal is transformed into twist io 
orientation of 1 80 degrees. When the voltage is applied 
again while the twist orientation of 180 degrees 
remains, the liquid crystal transitions to the bend orien- 
tation in a very short time and at an extremely low volt- 
age. 75 
[0029] A third aspect of the present invention is 
based on the above knowledge. According to the third 
aspect of the present invention, there is provided a liq- 
uid crystal display element comprising a liquid crystal 
that is in a first orientation state under a no -voltage con- 20 
dition and in a second orientation state under a display 
voltage and has an energy barrier between the first and 
second orientation states and voltage application 
means for applying a voltage to the liquid crystal, 
wherein the liquid crystal partially includes an area in a 25 
third orientation state in which an energy barrier existing 
between the second and third orientation states is 
smaller than an energy barrier existing between the first 
and second orientation states under the no-voltage con- 
dition. With such a configuration, since the area in the 30 
third orientation state becomes transition nucleus, it is 
possible to transition the liquid crystal to the second ori- 
entation state more quickly, at a lower voltage, and more 
reliably. 

[0030] The third orientation state may be a station- 35 
ary state under the no-vottage condition. This includes 
the orientation state of the stationary different orienta- 
tion direction area described in the first aspect. 
[0031] The aim of the third aspect of the present 
invention is that the third orientation state is a non-sta- 40 
tionary state, i.e., the transient state of transition 
between the first and second orientation states. 
[0032] When the transient state is the transient 
state from the second orientation state to the first orien- 
tation state, it is possible to transition the liquid crystal to 45 
the second orientation state by far more quickly, at a 
much lower voltage, and more reliably. 
[0033] When the transient state is preserved by the 
incomplete surrounding body, it is possible to appropri- 
ately preserve the transient state. 50 
[0034] The third orientation state may be at least a 
portion of the second orientation state preserved under 
the no-voltage condition. With such a configuration, it is 
possible to transition the liquid crystal to the second ori- 
entation state by far more quickly, at a much lower volt- 55 
age, and more reliably. 

[0035] When at least a portion of the second orien- 
tation state is preserved by liquid crystal molecule ori- 



entation capability of the steric object existing in the 
liquid crystal or the net structure existing in the liquid 
crystal, it is possible to appropriately preserve at least a 
portion of the second orientation state. 
[0036] A fourth aspect of the present invention is to 
form the different orientation direction area by a lateral 
electric field. That is, the fourth aspect is aimed at form- 
ing the nonstationary different orientation direction 
area. According to the fourth aspect of the present 
invention, there is provided a liquid crystal display ele- 
ment comprising a liquid crystal layer disposed between 
a pair of opposite substrates wherein a source line, a 
gate line, and a pixel electrode are fomned on one of the 
substrates and a counter electrode is formed on the 
other substrate, wherein adjacent edge portions of the 
pixel electrode and one of the source and gate lines are 
engaged with each other as having a predetermined 
gap seen in a plan view. With such a configuration, the 
lateral electric field is generated in the engaged portion 
by application of a predetermined voltage to form the 
different orientation direction area in the liquid crystal 
layer, thereby facilitating the transition. 
[0037] The portions engaged with each other may 
be zigzag-shaped. With such a configuration, two twist- 
oriented areas in opposite directions and contact with 
each other are formed in the liquid crystal layer by the 
lateral electric field formed in the zigzag-shaped por- 
tion, thereby enabling quick and reliable bend transition. 
[0038] The potions engaged with each other may 
be convex. With such a configuration, by suitably select- 
ing the rubbing direction, the twist- oriented area having 
a larger twist angle is formed In the liquid crystal layer by 
the lateral electric field formed in the convex portion, 
thereby enabling the high-speed and reliable bend tran- 
sition. 

[0039] In this case, it is preferable that the lateral 
electric field formed in the convex portion has an inter- 
section angle of 45 to 135 degrees with respect to a 
direction of a parallel alignment treatment performed on 
the pair of substrates. 

[0040] This object, as well as other objects, features 
and advantages of the invention will become more 
apparent to those skilled in the art from the following 
description taken with reference to the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0041] 

Figure 1 is a cross-sectional view schematically 
showing a structure of a test cell according to a first 
example of a first embodiment of the present inven- 
tion; 

Figure 2 is a cross-sectional view Showing a proc- 
ess for fabricating the test cell of Figure 1 ; 
Figure 3 is a cross-sectional view showing a proc- 
ess for fabricating the test cell of Figure 1 : 
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Figure 4 is a plan view showing a photomask; 
Figure 5 is a view showing a rubbing direction of a 
substrate of Figure 1; 

Figure 6 is a cross-sectional view schematically 
showing a structure of a test cell according to a sec- s 
ond example of the first embodiment of the present 
invention; 

Figure 7 is a plan view showing a photomask; 
Figure 8 is a cross-sectional view schematically 

showing a structure of a test cell according to a third io 
example of the first embodiment of the present 
invention; 

Figure 9 is a cross-sectional view showing a proc- 
ess for fabricating the test cell of Figure 8; 
Figure 1 0 is a plan view showing a mask; 75 
Figure 11 is a cross-sectional view showing a struc- 
ture of a liquid crystal display element according to 
a fourth example of the first embodiment of the 
present invention; 

Figure 12 is a plan view showing placement direc- 20 
tions of respective optical elements of the liquid 
crystal display element of Rgure 1 1 ; 
Figure 13 is a graph showing a voltage-transmit- 
tance characteristic of a front surface of the liquid 
crystal display element of Rgure 1 1 ; 25 
Figure 14 is a cross-sectional view showing a struc- 
ture of the conventional OCB mode liquid crystal 
display element: 

Figure 15 is a plan view showing placement of a 
p rotrusi on of a lower substrate of the test cell of Fig- 30 
ure 1 ; 

Figure 16 is a plan view showing placement of 
grooves provided at the lower substrate of the test 
cell of Figure 6: 

Figure 17 is a plan view showing an alignment 35 
treatment state of the lower substrate of the test cell 
of Figure 8; 

Figure 18 is a plan view showing placement direc- 
tions of respective optical elements of a liquid crys- 
tal display element according to a sixth example of 40 
the first embodiment of the present invention; 
Figure 1 9 is a plan view showing a structure of a liq- 
uid crystal display element according to a second 
embodiment of the present invention: 
Figure 20 is a cross-sectional view in the direction 45 
of the arrow XX-XX of Figure 19; 
Figure 21 is a plan view showing configuration of a 
complex column spacer of Figure 1 9; 
Figure 22 is a conceptual view showing an align- 
ment treatment state provided by the complex col- so 
umn spacer of Figure 21; 

Figure 23 is a cross-sectional view schematically 
showing convex and concave portions provided on 
a TFT substrate to fonri the complex column 
spacer; 55 
Figures 24(a)-24(d) are views schematically show- 
ing behavior of liquid crystal molecules adjacent to 
twist-oriented liquid crystal molecules, wherein Fig- 



ure 24(a) is a cross-sectional view showing a state 
in which a voltage is not applied. Figure 24(b) is a 
plan view showing a state in which a voltage is not 
applied. Figure 24(c) is a cross-sectional view 
showing a state in which a predetermined voltage is 
applied, and Figure 24(d) is a plan view showing a 
state in which a voltage is applied; 
Rgure 25 is a view showing a waveform of a transi- 
tion voltage used for transitioning the liquid crystal 
display element of Figure 19; 
Figure 26 is a view showing change of a rate of 
occun-ence of a transition nucleus with respect to a 
transition voltage; 

Figures 27(a)-27(i) are plan views showing a modi- 
fication of the complex column spacer; 
Figure 28 is a plan view schematically showing a 
modification in which the complex column spacer is 
formed on a pixel electrode; 
Figure 29 is a cross-sectional view showing a mod- 
ification in which the complex column spacer is 
formed on a color filter substrate by utilizing steps 
of color filters; 

Rgure 30 is a cross-sectional view showing a mod- 
ification in which a concave portion is formed on the 
color filter substrate to prevent the complex column 
spacer from abutting with the color filter substrate; 
Rgure 31 is a cross-sectional view schematically 
showing a structure of a liquid crystal display ele- 
ment according to a fourth embodiment of the 
present invention; 

Figure 32 is a block diagram schematically showing 
a structure of a liquid crystal display device accord- 
ing to a sixth embodiment of the present invention; 
Figure 33 is a block diagram schematically showing 
a structure of a liquid crystal display device accord- 
ing to a seventh embodiment of the present inven- 
tion; 

Rgures 34(a) and 34(b) are conceptual views 
showing a stability condition of a liquid crystal of a 
liquid crystal display element, wherein Figure 34(a) 
is a view showing a basic stability condition of the 
liquid crystal and Figure 34(b) is a view showing a 
stability condition of the liquid crystal in parallel ori- 
entation and in twist orientation; 
Figures 35(a)-35(c) are conceptual views schemat- 
ically showing a process for spray to bend transition 
of a liquid crystal display element in which twist-ori- 
ented areas are locally formed, wherein figure 35(a) 
is a view showing a case where two twist-oriented 
areas in opposite directions are contact with each 
other, Figure 35(b) is a view showing a case where 
a twist angle of one of two twist-oriented areas is 90 
degrees, Rgure 35(c) is a view showing a case 
where a twist angle of one of two twist-oriented 
areas is 90 degrees or larger, and Figure 35(d) is a 
view showing a case where two twist-oriented 
areas in the same direction are contact with each 
other: 
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Figures 36(a) and 36(b) are plan views schemati- 
cally showing an alignnnent treatment of one sub- 
strate of a liquid crystal display element according 
to an eighth embodiment of the present invention, 
wherein Rgure 36(a) is a view showing a state after 5 
first rubbing and Figure 36(b) is a view showing a 
state after second rubbing: 

Figure 37 is a plan view schematically showing an 
alignment treatment of one substrate of a liquid 
crystal display element according to a ninth embed- 10 
iment of the present invention; 
Figure 38 is a plan view schematically showing an 
alignment treatment of one substrate of a liquid 
crystal display element according to a tenth embod- 
iment of the present invention; 15 
Figure 39 is a plan view schematically showing a 
structure of an active matrix substrate of a liquid 
crystal display element according to a twelfth 
embodiment of the present invention; 
Figure 40 is a plan view schematically showing an 20 
alignment treatment of a substrate of a liquid crystal 
display element according to a fourteenth embodi- 
ment of the present invention; 
Figure 41 is a cross-sectional view schematically 
showing a structure of a liquid crystal display ele- 25 
ment according to a fifteenth embodiment of the 
present invention; 

Figures 42(a) and 42(b) are a cross-sectional view 
and a plan view schematically showing a structure 
of a liquid crystal display element according to a 30 
sixteenth embodiment of the present invention, 
respectively; 

Figure 43 is a graph showing a waveform of a driv- 
ing voltage applied to the liquid crystal display ele- 
ment of Figure 42; 35 
Figures 44(a) and 44(b) are a cross-sectional view 
and a plan view schematically showing a structure 
of a liquid crystal display element according to a 
seventeenth embodiment of the present invention, 
respectively; 40 
Figure 45 is a graph showing a waveform of a driv- 
ing voltage applied to the liquid crystal display ele- 
ment of Figure 44; 

Figure 46 is a view showing a method for fabricating 
a liquid crystal display element according to an 45 
eighteenth embodiment of the present invention; 
Figure 47 is a plan view showing an alignment 
treatment state of a substrate of the liquid crystal 
display element according to the eighteenth 
embodiment of the present invention; so 
Figure 48 is a plan view schematically showing a 
structure of a liquid crystal display element accord- 
ing to a nineteenth embodiment of the present 
Invention; 

Figure 49 is a cross-sectional view in the direction 55 
of arrow XXXXIX-XXXXIX of Figure 48; 
Figure 50 is a plan view schematically showing a 
structure of a liquid crystal display element accord- 



ing to a twentieth embodiment of the present inven- 
tion; 

Figure 51 is a cross-sectional view in the direction 
of the arrow XXXXXI-XXXXXl of Figure 50; 
Figure 52 is a perspective view showing a structure 
of a lower substrate of a liquid crystal display ele- 
ment according to a seventh example of the twenti- 
eth embodiment of the present invention; 
Rgure 53 is a view showing a waveform of a transi- 
tion voltage applied to the liquid crystal display ele- 
ment of Figure 50; 

Figures 54(a) and 54(b) are views showing transi- 
tion from spray to bend orientation of a liquid crys- 
tal, wherein Figure 54(a) is a cross-sectional view 
of a liquid crystal display element showing spray 
orientation and Figure 54(b) is a cross-sectional 
view of a liquid crystal display element showing 
bend orientation; 

Figure 55 is a cross-sectional view showing twist 
orientation of 180 degrees of a liquid crystal; 
Figure 56 is a perspective view of a lower substrate 
showing a structure In which an outer peripheral 
face of an incomplete surrounding body is inclined; 
Figure 57 is a perspective view showing a structure 
of a lower substrate of a liquid crystal display ele- 
ment according to an eighth example of the twenti- 
eth embodiment of the present invention; 
Figure 58 is perspective view showing a structure of 
a lower substrate of a liquid crystal display element 
according to a ninth example of the twentieth 
embodiment of the present invention; 
Rgures 59(a)-59(c) are views showing a structure 
of a lower substrate of a liquid crystal display ele- 
ment according to a tenth example of the twentieth 
embodiment of the present invention, wherein Fig- 
ure 59(a) is a plan view showing a configuration in 
which bead spacers are gathered in an annular 
configuration partially opened, Figure 59(b) is a 
plan view showing a configuration in which bead 
spacers are arranged in a substantially annular 
configuration having a clearance between adjacent 
two spacers, and Figure 59(c) is a plan view show- 
ing a configuration In which bead spacers are gath- 
ered in a closed annular configuration; 
Figures 60 (a) -60(c) are views showing a structure 
of a lower substrate of a liquid crystal display ele- 
ment according to an eleventh example of the twen- 
tieth embodiment of the present invention, Figure 
60(a) Is a perspective view showing a configuration 
in which the Incomplete surrounding body having a 
through hole as a lack portion is provided, Figure 
60(b) is a perspective view showing a configuration 
in which the incomplete surrounding body having a 
notch portion opened upward as the lack portion is 
provided, and Figure 60(c) Is a perspective view 
showing a configuration in which the incomplete 
surrounding body having a notch portion opened 
downward as the lack portion Is provided. 
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Figure 61 is a cross-sectional view for each pixel 
schematically showing a structure of a liquid crystal 
display element according to a twelfth example of a 
twenty-third embodiment of the present invention; 
Figure 62 is a plan view for each pixel schematically 5 
showing a structure of a liquid crystal display ele- 
ment according to a twelfth example of the twenty- 
third embodiment of the present invention; 
Figure 63 Is a plan view for each pixel schematically 
showing a structure of a liquid crystal display ele- io 
ment according to a thirteenth example of the 
twenty-third embodiment of the present Invention; 
Figure 64 is a plan view for each pixel schematically 
showing a structure of a liquid crystal display ele- 
ment according to a fourteenth example of the is 
twenty-third embodiment of the present invention; 
Figure 65 is a cross-sectional view showing a basic 
structure of a liquid crystal display element accord- 
ing to a sixteenth example of a twenty-fourth 
embodiment of the present invention; 20 
Figure 66 is a plan view schematically showing 
alignment treatment of a lower substrate of the liq- 
uid crystal display element of Figure 65; 
Figure 67 is a view for explaining a pushing depth of 
a rubbing cloth; 25 
Figure 68 is a plan view schematically showing 
alignment treatment of a tower substrate of a liquid 
crystal display element according to a seventeenth 
example of the twenty-fourth embodiment of the 
present invention; 30 
Figure 69 is a view showing a configuration of a 
rubbing roller used for fabricating a liquid crystal 
display element according to an eighteenth exam- 
ple of the twenty-fourth embodiment of the present 
invention; 35 
Figure 70 is a plan view schematically showing ori- 
entation of a liquid crystal in a no-rubbing area of a 
lower substrate of a liquid crystal display element 
according to a nineteenth example of the twenty- 
fourth embodiment of the present invention; 40 
Figure 71 is a plan view schematically showing an 
orientation state of a liquid crystal of a liquid crystal 
display element according to a twentieth example of 
the twenty-fourth embodiment of the present inven- 
tion; and 45 
Figures 72(a) and 72(b) are conceptual views sche- 
matically showing orientation of a liquid crystal of a 
lower substrate of a liquid crystal display element 
according to a twenty-fifth example of the present 
embodiment, wherein Rgure 72(a) is a plan view so 
and Figure 72(b) is a cross-sectional view in the 
direction of arrow XXXXXXXIIb-XXXXXXXIIb of 
Figure 72(a). 

DETAILED DESCRIPTION OF THE PREFERRED 55 
EMBODIMENTS 

[0042] Now, preferred embodiments of the present 



invention will be described with reference to accompa- 
nying drawings. 

Embodiment 1 . 

[0043] A first embodiment of the present invention 
illustrates a parallel orientation liquid crystal display ele- 
ment having an area (hereinafter referred to as "differ- 
ent direction orientated area") in which an orientation 
direction thereof is different from orientation directions 
of the other areas, or a twist-orientated area. 

[Test Cell] 

[0044] In first to third examples described below, a 
liquid crystal display element is fabricated as a test cell, 
and spray to bend transition time of the fabricated test 
cell is evaluated. Retardation films are unnecessary for 
evaluation of the spray to bend transition time and are 
therefore omitted in the first to third examples. 

(Example 1) 

[0045] Figure 1 is a cross-sectional view schemati- 
cally showing a structure of a test cell according to a first 
example of the present embodiment. Rgure 5 is a plan 
view schematically showing placement of a protrusion 
of a lower substrate of the test cell of Figure 1 . Figure 15 
is a view showing a rubbing direction of the substrate of 
Figure 1 . 

[0046] Referring now to Figures 1 and 15, there is 
shown a test cell A in which a pair of substrates, i.e., an 
upper substrate 1 01 and a lower substrate 1 02 are dis- 
posed opposite to each other through bead-shaped 
spacers 5 and a liquid crystal layer 4 comprising a 
nematic liquid crystal is disposed in a space between 
the upper and lower substrates 1 01 and 1 02. 
[0047] The upper substrate 101 is structured such 
that a transparent electrode 2 and an alignment layer 3 
are laminated on a lower surface of the glass substrate 
1 in this order. The lower substrate 102 is structured 
such that a triangular prism shaped protrusion 10 is 
formed on an upper surface of a glass substrate 8, and 
a transparent electrode 7 and an alignment layer 6 are 
laminated on an upper surface of the glass substrate 8 
having the protrusion 10 in this order. Therefore, a pro- 
trusion (steric obstacle) 103 is fonned on the upper sur- 
face of the lower substrate 1 02. 

[0048] Referring to Figure 5, the protrusion 103 is 
formed to direct a vertex of its triangular cross section 
toward a rubbing direction. Thereby, a twist- orientated 
area is formed around the protrusion 103 as will be 
described in the second embodiment in greater detail. 
[0049] In actuality, a number of spacers 5 are inter- 
posed between the substrates 102 and 103 at irregular 
intervals, although two spacers 5 are illustrated in Fig- 
ure 1. 

[0050] A method for fabricating so structured test 
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cell will be explained with reference to Figures 2 through 
4. Figures 2 and 3 are cross-sectional views each show- 
ing a process for fabricating the test cell of Figure 1 and 
Figure 4 is a plan view showing a photomask. 
[0051] Initially, as shown in Figure 2(a), a PC based s 
resist material manufactured by JSR Corp, is applied to 
the glass substrate 8 to form a photoresist thin film 20 of 
0.5 |Lim thickness. Then, the photoresist thin film 20 is 
in-adiated with a parallel ultraviolet ray 23 through a pho- 
tomask 21 having a triangular pattern opening 22 io 
shown in Figure 4 to expose the photcresit thin film 20. 
The exposed photoresist thin film 20 is developed and 
rinsed. Then, the thin film 20 is prebaked at a tempera- 
ture of 90°C. Thereby, as shown In Figure 3, the col- 
umn-shaped protrusion 1 0 having the triangular cross 15 
section (see Figure 15) and comprising the photoresist 
thin film is formed on the glass substrate 8. 
[0052] Subsequently, a film of 2000A thickness 
comprising ITO(lndium tin oxide) Is formed on the glass 
substrate 8 having the protrusion 1 0 by a predetermined 20 
method to thereby form the transparent electrode 7. 
Then, alignment layer coating compositions SE-7492 
manufactured by Nissan Chemical Industry Is applied to 
the glass substrate 8 having the transparent electrode 7 
by a spin coating method and heated In a thermostat at 25 
1 80°C for one hour to be cured to form the alignment 
layer 6, whereby the lower substrate 102 having the pro- 
trusion 103 on the upper surface thereof is completed. 
[0053] Like the glass substrate 8 having the protru- 
sion 10, the transparent electrode 2 and the alignment 30 
layer 3 are formed on the glass substrate 1 , whereby the 
upper substrate 1 01 is completed. 
[0054] Then, the upper and lower substrates 101 
and 102 are rubbing-treated in the direction shown in 
Figure 5 by using a rubbing cloth made of rayon. 35 
[0055] Thereafter, the upper and lower substrates 
101 and 102 are bonded by means of the spacers 5 
manufactured by Sekisui Fine Chemical Corp. and 
struct bond 352A (bond made of seal resin manufac- 
tured by Mitsui Toatsu Chemical Corp.) in such a man- 40 
ner that there is a spacing of 6.5 jiim between them, 
thereby fabricating a liquid crystal display cell 9. The 
rubbing treatment is performed such that a liquid crystal 
pretilt angle is about 5 degrees at an interface of the 
alignment layer of the liquid crystal cell 9. 45 
[0056] A liquid crystal MJ96435 (refractive index 
anisotropy At = 0.138) is filled into the liquid crystal cell 
9 by a vacuum filling method to thereby seal the same, 
whereby the test cell A is completed. 

[0057] Subsequently, evaluation of the spray to 50 
bend transition of the test cell A fabricated by the above- 
described fabrication method will be explained. 
[0058] Two polalizers are bonded to the upper and 
lower surfaces of the test cell A In such a manner that 
polarization axes make an angle of 45 degrees with 55 
respect to the rubbing direction of the alignment layers 
and are orthogonal to each other. Then, a square wave 
voltage is applied across the transparent electrodes 2 



and 7 at 7 V. In this state, the transition from the spray to 
bend orientation is observed. The observation result is 
that the spray orientation has transitioned to the bend 
orientation over the entire surfaces of the electrodes 2 

and 7 in about 5 seconds. 

[0059] Specifically, In the area in the vicinity of the 
protrusion 1 03 of the test cell A, the orientation direction 
of the liquid crystal is different from that of the liquid 
crystal in its surrounding area. In the area in the vicinity 
of the protrusion 103, the liquid crystal layer 4 is some- 
what twist-orientated. On application of the voltage, the 
spray to bend transition quickly proceeds in this area, 
and the bend orientation spreads from this area to its 
surrounding area. In this way, reliable and high-speed 
spray to bend transition is achieved. 
[0060] For comparison, a test cell R having the 
same structure as the test cell A except that it does not 
have the protrusion 1 03 is fabricated in the same proc- 
ess as the test cell A and the spray to bend transition 
time is measured. The square wave voltage is applied to 
the test cell R at 7V and time required for transition from 
the spray orientation to the bend orientation over the 
entire areas of the electrodes is measured. The meas- 
urement result Is about 42 seconds. As evident from 
these results, the present invention provides excellent 
effects as compared to the conventional case. 
[0061] While the protrusion 103 is formed only on 
the substrate 1 02 in this example, it is obvious that the 
protrusion 103 may be formed on both of the substrates 
101 and 102. While the protrusion 103 having the trian- 
gular cross section is used in this example, a protrusion 
having another shape may be employed provided that 
an area having the orientation direction of the liquid 
crystal different from that of its surrounding area is 
formed by the rubbing treatment. For example, it is pref- 
erable that the shape of the cross section is a circle, an 
ellipse, a rhombus, a triangular prism, a convex body, or 
a cone. 

(Example 2) 

[0062] Figure 6 is a cross-sectional view schemati- 
cally showing a structure of a test cell according to a 
second example of the present embodiment and Figure 
16 is a plan view schematically showing placement of 
grooves provided on a lower substrate of the test cell of 
Figure 6. 

[0063] Referring to Figures 6 and 16, there is 
shown a test cell B which is different from the test cell A 
of the first example in that groves 1 04 are formed on the 
lower substrate 102. More specifically, the lower sub- 
strate 102 is structured in such a manner that the 
grooves 30 are formed on the upper surface of the glass 
substrate 8 and the transparent electrode 7 and the 
alignment layer 6 are laminated in this order such that 
they cover the upper surface of the glass substrate 8 
having the grooves 30 to thereby form the grooves 1 04 
on the upper surface of the alignment layer 6. The plu- 
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rality of grooves 104 (in this case 20) are inclined at an 
angle of 30 degrees witli respect to the rubbing direction 
(the direction of overall alignment treatment) and are 
provided at a pitch of 500A in a direction orthogonal to 
the rubbing direction. The grooves 104 are fornied as 5 
microgrooves each having a width to have liquid crystal 
orientation effect. Specifically, the groove 104 has the 
width to fit the liquid crystal molecule of the liquid crystal 
layer 4 thereinto and orient it in the direction thereof, 
that is, approximately 100A in this example. Thereby, w 
the twist-orientated area is formed in the area on which 
the groves 104 are provided. The other respects are 
identical to those of the first example. In Figure 6, the 
grooves 30 and the grooves 1 04 are enlarged. 
[0064] Subsequently, a method for fabricating the is 
test cell B so structured will be explained with reference 
to Figures 6, 7, and 16. Figure 7 is a plan view showing 
a photomask. 

[0065] Initially, the photoresit thin film 20 of 0.5 |Lim 
thickness is formed on the glass substrate 8 and the 20 
groves 30 are formed on the photoresit thin film 20 by 
using the photomask 21 like the first example. As shown 
in Figure 7, twenty slit openings 22 are formed in the 
photomask 21 such that they are inclined at an angle of 
30 degrees with respect to a reference direction and 25 
provided at a pitch of 500A in the direction orthogonal to 
the reference direction. The opening 22 has a width so 
that the groove 1 04 finally formed on the alignment layer 
6 through subsequent steps will have a width of approx- 
imately 100 A. The reference direction is a direction in 30 
which the grooves 104 formed on the lower substrate 
102 by using the photomask 21 are to be rubbing- 
treated. 

[0066] Following this, the transparent electrode 7 

and the alignment layer 6 are formed on the glass sub- 35 
strate 8 having the grooves 30 on the upper surface 
thereof like the first example, whereby the lower sub- 
strate 1 02 having the grooves 1 04 on the upper surface 
thereof is completed. The upper substrate 101 is fabri- 
cated in the same manner as the first example. 40 
[0067] Then, the upper substrate 1 01 and the lower 
substrate 102 so fabricated are rubbing-treated like the 
first example. The rubbing direction of the lower sub- 
strate 102 is shown in Figure 16. The grooves 104 are 
not subjected to rubbing because their depth (0.5 jam) is 45 
larger than their width. It is required that the grooves 
1 04 have the small width to fit the liquid crystal molecule 
of the liquid crystal layer 4 thereinto and orient it in the 
direction of the groove 104 and have the depth not to be 
subject to rubbing in the rubbing treatment. The rubbing 50 
direction of the upper substrate 101 is parallel to the 
rubbing direction of the lower substrate 102 when they 
are constructed into the liquid crystal cell. 
[0068] Thereafter, like the first example, a liquid 
crystal cell 9 is fabricated and a liquid crystal is filled into 55 
the liquid crystal cell 9 to seal the same, whereby the 
test cell B is completed. The liquid crystal pretllt angle at 
the interface of the alignment layer has approximately 5 



degrees like the first example. 

[0069] Subsequently, evaluation of the spray to 
bend transition time of the test cell B fabricated by the 
above method will be explained. 

[0070] Two polarizers are bonded to the upper and 
lower surfaces of the test cell B in such a manner that 
polarization axes make an angle of 45 degrees with 
respect to the rubbing direction of the alignment layers 
and are orthogonal to each other. Then, the square 
wave voltage is applied across the transparent elec- 
trodes 2 and 7 at 7 V. In this state, the transition from the 
spray to the bend orientation is observed. The observa- 
tion result Is that the spray orientation has transitioned 
to the bend orientation over the entire surfaces of the 
electrodes 2 and 7 in about 7 seconds. 
[0071] In the area where the grooves 104 are pro- 
vided, the orientation direction of the liquid crystal is dif- 
ferent from that of the liquid crystal in its surrounding 
area. In the area, the liquid crystal layer 4 is somewhat 
twist-oriented. Like the first example, on application of 
the voltage, the spray to bend transition quickly pro- 
ceeds in this twist-oriented area, and the resulting bend 
orientation spreads from this area to its surrounding 
area. In this way, reliable and high-speed spray to bend 
transition Is achieved. In this example, the grooves 104 
having the liquid crystal orientation effect are partially 
provided in the display pixel area to partially form the 
twist-orientated area to thereby facilitate the reliable and 
high-speed spray to bend transition, and its practical 
value is extremely high. 

[0072] While the grooves 30 and 1 04 are formed by 
a photolithographic method, it Is obvious that they may 
be formed by another methods such as a stamp method 
(for example, E.S.Lee et.al., "Control of Liquid Crystal 
Alignment Using Stamped-Morphology Method", 
Jpn.J.Appl.Phys., Part 2, vol.32, pp.L1436-L1438, 
1993). 

[0073] While the grooves 104 are inclined at an 
angle of 30 degrees with respect to the rubbing direc- 
tion, this inclination angle is set to 90 degrees or 
smaller, and is preferably set to 60-90 degrees. The rea- 
son why the angle is thus set will be discussed in 
greater detail in the second embodiment. The plurality 
of grooves 104 may have angles different from one 
another with respect to the rubbing direction, and may 
be disposed in an ariDitrary configuration instead of in a 
row. Furthermore, they may be disposed irregularly. 

(Example 3) 

[0074] Figure 8 is a cross-sectional, view schemati- 
cally showing a structure of a test cell according to a 
third example of the present embodiment and Figure 1 7 
Is a plan view schematically showing an alignment treat- 
ment state of a lower substrate of the test cell of Figure 
8. 

[0075] Referring to Figures 8 and 17, there is 
shown a test cell C of the third example which is differ- 



9 



BNSDOCID: <EP 1091236A2_I_> 



17 



EP 1 091 236 A2 



18 



ent from the test cell A of the first example in that the 
upper and lower substrates 101 and 102 have been 
subjected to alignment treatment by photo-alignment. 
The upper substrate 101 is structured such that the 
transparent electrode 2 and the alignment layer 3 are 5 
laminated on the glass substrate 1 in this order. The 
lower substrate 1 02 is structured such that the electrode 

7 and the alignment layer 6 are laminated on the glass 
substrate 8 In this order. As shown In Figure 17. the 
lower substrate 102 has a number of unit alignment- w 
treated areas (different direction alignment-treated 
areas) 51 formed on an upper surface thereof In a grid 
pattern. In the unit alignment-treated areas 51 , adjacent 
areas, for example, areas 51 A and 51 B are subjected to 
alignment treatment to have orientation directions differ- 75 
entiated 90 degrees from each other. In the upper sub- 
strate 101, respective unit alignment-treated areas 
con-esponding to unit alignment-treated areas in the 
lower substrate 102 have been subjected to alignment 
treatment to have the same orientation directions as 20 
those of the corresponding areas in the lower substrate 
102. That is, the liquid crystal layer 4 on the unit align- 
ment-treated areas 5 has parallel orientation rather than 
twist orientation. It should be noted that orientation 
directions of liquid crystal molecules in a central portion 25 
of the liquid crystal layer 4 on each of the unit alignment- 
treated areas may have a variation (distribution). The 
alignment layers 3 and 6 are each constituted by an 
alignment layer having photosensitivity and have been 
subjected to alignment treatment by photo-orientation. 30 
The other respects are identical to those of the first 
example. 

[0076] Subsequently, a method for fabricating the 
cell C so structured will be explained with reference to 
Figures 8, 9, and 1 0. Figure 9 is a cross-sectional view 35 
showing a process for fabricating the test cell of Figure 

8 and Figure 1 0 is a plan view showing a mask, 
[0077] Like the first example, initially, the transpar- 
ent electrode 7 is formed on the glass substrate 8. 
Then, polyvinylcinnamate 2 wt.% solution (diluted into a 40 
1:1 mixed solution of monochlorobenzene and dichlo- 
romethane) is applied to the glass substrate 8 having 

the transparent electrode 7 by the spin coating method 
and dried in the thermostat at a temperature of 1 00 °C 
for one hour to form the alignment layer 6 having photo- 45 
sensitivity, thereby fabricating the lower substrate 102. 
In the same manner, the upper substrate 101 is fabri- 
cated. 

[0078] Then, the alignment layer 6 of the lower sub- 
strate 102 is treated by photo-orientation as described so 
below by using a polarized ultraviolet ray irradiation 
device (not shown). In the alignment treatment, the 
alignment layer 6 is irradiated with the polarized ultra 
violet ray having a wavelength of 365nm at irradiation 
light intensity of 1mW/cm^ . More specifically, the align- 55 
ment layer 6 is irradiated with a polarized ultraviolet ray 
having a plane of polarization extending in the direction 
indicated by reference numeral 32 in Figure 9 through 



the mask 21 (processing A). In this case, the irradiation 
angle e of the polarized ultraviolet ray is 90 degrees. 
The mask 21 has the openings 1 22 to have shapes and 
positions adapted to those of the unit alignment-treated 
areas 51 A of the unit alignment-treated areas 51 where 
the areas 51 A and 51 B are alternately disposed in a 
grid pattern as shown in Figure 17. 
[0079] Then, the mask 21 is displaced by one unit 
alignment-treated area of the lower substrate 1 02 and 
the plane of polarization is rotated 90 degrees, that is, 
with the plane of polarization extending in the direction 
as indicated by the arrow of Figure 9, the film 6 is irradi- 
ated with the polarized ultraviolet ray for 30 minutes 
(processing B). The irradiation angle 0 of the polarized 
ultra violet ray is 90 degrees. 

[0080] Then, the processing A and the processing 
B are performed at the irradiation angle of 45 degrees 
for 3 minutes (processing A' and processing B'). 
Thereby, the photo-alignment treatment of the lower 
substrate 1 02 is completed. 

[0081] Like the lower substrate 102, the processing 
A, the processing B, the processing A' and the process- 
ing B' are performed on the upper substrate 102, 
whereby the photo-alignment treatment of the lower 
substrate 102 is completed. 

[0082] Then, like the first example, the liquid crystal 
cell 9 is fabricated and the liquid crystal is filled into the 
liquid crystal cell 9 to seal the same, whereby the test 
cell C is completed. In this case, the liquid crystal pretilt 
angle at the interface of the alignment layer is approxi- 
mately 3 degrees as the result of the processing A' and 
the processing B of the upper and tower substrates 1 01 
and 102. 

[0083] Subsequently, evaluation of the spray to 
bend transition time of the test cell C fabricated by the 
fabrication method will be explained. 
[0084] Two polarizers are bonded to the upper and 
lower surfaces of the test cell C in such a manner that 
polarization axes make an angle of 45 degrees with 
respect to an averaged orientation direction of the liquid 
crystal molecules of the unit orientation areas having 
orientation directions differentiated 90 degrees from 
each other and are orthogonal to each other. Then, a 
square wave voltage is applied across the transparent 
electrodes 2 and 7 at 7 V. In this state, the transition 
from the spray to the bend orientation is observed. The 
observation result is that the spray orientation has tran- 
sitioned to the bend orientation over the entire surfaces 
of the electrodes 2 and 7 in about 4 seconds, 
[0085] Specifically, a transition nucleus is gener- 
ated from the area on the unit alignment-treated areas 
51 , i.e., from the different direction oriented areas and is 
grown and the spray to bend transition proceeds. There- 
fore, the high-speed transition Is possible. Since a 
number of different direction orientated areas are 
formed, reliable transition is possible. 
[0086] Each of the unit alignment-treated areas 
may correspond to a pixel, although this is not dis- 
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cussed in the third example. 

[Liquid Crystal Display Element] 

(Example 4) 5 

[0087] Figure 11 is a cross -sectional view showing 
a structure of a liquid crystal display element according 
to a fourth example of the present embodiment. Figure 
12 is a plan view showing placement directions of 10 
respective optical elements of the liquid crystal display 
element of Figure 11. In Figure 1 1, the protrusion (see 
Figure 1) of the lower substrate 102 is omitted. As 
shown In Figure 1 1 , a liquid crystal display element D is 
structured such that a retardation film (retardation film) 15 
12 comprising an optical medium having negative 
refractive index anisortropy in which a main axis is 
hybrid-arranged, a negative uniaxial retardation film 
(retardation film ) 11 , a positive uniaxial retardation film 
(retardation film )1 9, and a polarizer 1 3 are disposed on 20 
an upper surface of the test cell A of the first example in 
this order, and a retardation film (retardation film) 15 
comprising an optical medium having negative refrac- 
tive index anisortropy in which a main axis is hybrid- 
arranged, a negative uniaxial retardation film (retarda- 25 
tion film) 14, and a polarizer 16 are disposed on a lower 
surface of the test cell A in this order. These retardation 
films 12, 15, 1 1, 14, and 19 and the polarizer 1 6 are dis- 
posed in the direction shown in Figure 12 with respect to 
the rubbing direction of the test cell A. 30 
[0088] The retardation values of the retardation 
films 12, 15, 11, 14, and 19 are 26nm, 26nm, 350nm, 
350nm, and 150nm, respectively, with respect to a light 
having a wavelength of 550nm. 

[0089] Subsequently, evaluation of performance of 35 
the liquid crystal display element D so structured will be 
explained. 

[0090] Figure 13 is a graph showing a voltage- 
transmlttance characteristic in a front surface of the liq- 
uid crystal display element D at 25°C. The voltage- 40 
transmittance characteristic is obtained by measuring 
transmlttance while reducing a voltage after confinning 
that transition to the bend orientation has occurred by 
applying the square wave voltage to the liquid crystal 
display element D at 10V. Since the transition from the 45 
bend to the spray orientation occurs at 2.1 V in the liquid 
crystal display element D, it is necessary to display at 2. 
2 V or more in practice. As can be seen from the volt- 
age-transmittance characteristic, transmittance has a 
minimum value around 7.2V. Hence, setting a white so 
level voltage at 2.2V and a black level voltage at 7.2V. 
viewing angle dependency of a contrast ratio is meas- 
ured. As a result, the contrast ratio 10:1 is achieved in 
the range of 126 degrees in the vertical direction and 
160 degrees In the horizontal direction and it is verified 55 
that a satisfactorily wide viewing angle characteristic is 
maintained if a portion having a direction of the liquid 
crystal director different from that of a surrounding por- 



20 

tion is partially formed on the alignment layer of the sub- 
strate. Unsatisfactory orientation and low display quality 
are not visually observed. 

[0091] When the applied voltage is changed from 
3V to 5V, the measurement result of response time is 
that rising time is 5 milliseconds. When the applied volt- 
age is changed from 5V to 3V, the measurement result 
of the response time is that fall time is 6 milliseconds. 

(Example 5) 

[0092] In a liquid crystal display element (not shown 
) according to a fifth example of the present embodi- 
ment, the test cell A of the liquid crystal display element 
D of the fourth example has been replaced by the test 
cell B of the second example (not shown). With such a 
structure, the same effects as described in the fourth 
example is obtained. 

(Example 6) 

[0093] In a liquid crystal display element (not 
shown) according to a sixth example of the present 
embodiment, the test cell A of the liquid crystal display 
element D of the fourth example has been replaced by 
the test cell C of the third example (not shown). It should 
be noted that the optical elements are disposed in the 
direction shown in Figure 18. 

[0094] With such a structure, the same effects as 
described in the fourth example is obtained. 
[0095] As should be appreciated from the forgoing, 
the liquid crystal display element of the first embodiment 
achieves high-speed spray to bend orientation transition 
without degrading the wide viewing angle characteristic 
or response characteristic of the conventional OCB 
mode and its practical value is extremely high. 

Embodiment 2. 

[0096] A second embodiment of the present inven- 
tion illustrates a preferred embodiment of a protrusion 
(steric obstacle) for controlling an alignment treatment 
by rubbing. 

[0097] Figure 1 9 is a plan view showing a structure 
of a liquid crystal display element according to the sec- 
ond embodiment of the present invention and Figure 20 
is a cross-sectional view in the direction of the arrow 
XX-XX of Figure 19. 

[0098] Referring to Figures 19 and 20, an OCB 
mode liquid crystal display element E of the second 
embodiment is a liquid crystal display element of an 
active matrix type and is structured such that a liquid 
crystal layer 4 comprising a nematic liquid crystal is dis- 
posed in a space formed between a TFT substrate 
(array substrate) 202 and a color filter substrate 201 dis- 
posed opposite to the TFT substrate 202. In Figures 1 9 
and 20, the optical elements such as the retardation 
films, the polarizers, and the like are omitted. 
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[0099] The TFT substrate 202 comprises a glass 
substrate 8. A pixel electrode 64 is formed on an upper 
surface of the glass substrate 8 and covered by an insu- 
lating layer 68. A gate line 61 and a source line 62 are 
formed in matrix on the insulating layer 68 and covered 5 
by an insulating layer 91. The gate line 61 and the 
source line 62 are formed to position the pixel electrode 
64 in an area of a pixel 63 defined by these lines. A stor- 
age capacitor electrode 65 is formed on the insulating 
layer 91 such that it is situated above the gate line 61 . w 
The surface of the insulating layer 91 with the storage 
capacitor electrode 65 is covered by an insulating layer 
77. A complex column spacer 203' comprising photore- 
sist is formed above the storage capacitor electrode 65. 
The complex column spacer 203' is disposed such that 75 
the ratio of the number of the column spacers immedi- 
ately formed on the electrode 65 and the number of the 
column spacers formed through the insulating layer 77 
is 2:1 in the direction in which the source line 62 
extends. An alignment layer 6 is formed such that it cov- 20 
ers surfaces of the complex column spacer 203, the 
pixel electrode 64, the insulating layers 68, 77, and the 
electrode 65. Reference numeral 203 denotes the com- 
plex column spacer 203' having the alignment layer 6 
formed on the surface thereof, and reference numerals 25 
203A, 203B, 203C denote column spacers 203A', 203B' 
203C' having the alignment layer 6 on the surfaces 
thereof, respectively. A tip end of the complex column 
spacer 203 formed on the electrode 65 through the 
insulating layer 77 abuts against a lower surface of the 30 
color filter substrate 201. There is a clearance corre- 
sponding to a thickness of the insulating layer 77 
between a tip end of the complex column spacer 203 
immediately formed on the electrode 65 and a lower 
surface of the color filter substrate 201. In Figures 19 35 
and 20, the complex column spacer 203 is enlarged. 
The complex column spacer 203 will be mentioned in 
greater detail later. Reference number 66 denotes a 
TFT {Thin Film Transistor). 

[0100] The color filter substrate 201 is structured 40 
such that a black matrix 67, a color filter 76, a counter 
electrode 79, an alignment layer 3 are laminated on a 
lower surface of the glass substrate 1 in this order. The 
black matrix 67 is disposed above the gate and source 
lines 61 and 62. The color filter substrate 201 and the 45 
TFT substrate 202 including the complex column 
spacer 203 are fabricated by a well-known photolitho- 
graphic method, and will not be discussed. The color fil- 
ter substrate 201 and the TFT substrate 202 are 
constructed into the liquid crystal display element in the 50 
same manner as the first example of the first embodi- 
ment. 

[0101] The complex column spacer 203 will be 
explained in detail with reference to Figures 19 through 
22. Figure 21 is a plan view showing configuration of the 55 
complex column spacer 203 and Figure 22 is a concep- 
tual view showing an alignment-treated state formed by 
the complex column spacer of Figure 21 . 



[0102] In the liquid crystal display element E, a liq- 
uid crystal 4 are filled into the space between the sub- 
strates 201 and 202 to seal these substrates. The 
substrates 201 and 202 have been subjected to align- 
ment treatment by rubbing, in which case the rubbing 
direction 69 Is the same for the upper substrate (color 
filter substrate) 201 and the lower substrate (TFT sub- 
strate) 202. The present invention is characterized in 
that the column spacer (steric obstacle) is fonned on 
one of the substrates (lower substrate 202 in this 
embodiment) by photoresist and is specifically config- 
ured. In general, in the conventional liquid crystal dis- 
play element, resinous beads dispersed in the space 
between the substrates con^espond to the spacer that 
keeps the spacing between the substrates. Instead of 
the resinous beads, the column spacer comprising the 
photresist is used as the spacer. While the column 
spacers 203A, 203B, 203C are formed on the electrode 
( electrode 65) in this embodiment, the electrode may 
cover the surfaces of the column spacers 203A, 203B, 
203C. In this case, it is necessary to remove portions of 
the electrode (counter electrode 79) of the opposite 
substrate (color filter substrate 201 ) that abut against 
the column spacers 203A, 203B, 203C. If not, a short- 
circuit reaction might occur between the electrodes. 
[0103] As an example of configuration of the col- 
umn spacer of the present invention, as shown in Figure 
21 , the column spacers 203A, 203B, 203C each having 
a rhombic cross section whose sides are inclined with 
respect to the rubbing direction 69 are formed. These 
spacers are considered as a set (hereinafter referred to 
as the complex column spacer 203) and fomned for 
each pixel 63 regularly. The complex column spacer as 
defined herein refers to a column spacer group consti- 
tuted by a plurality of column spacers disposed close to 
one another. 

[0104] In the complex column spacer 203, the col- 
umn spacers 203A. 2038, 203C are formed such that 
shorter diagonal lines of the rhombic cross sections are 
parallel with the rubbing direction 69. It is preferable that 
the cross sections (planar sections) of the column spac- 
ers 203A, 203B, 203C have anisotropy. Since the aim of 
this embodiment is to control the flow of the rubbing, it is 
important that the cross section makes rubbing easily 
flow. In view of these respects, the rhombic shapes are 
adopted as the shapes of the cross sections of the col- 
umn spacers 203A, 203B, 203C. The rubbing direction 
69 as defined herein refers to a relative movement 
direction of a rubbing cloth with respect to the substrate, 
i.e., the direction of the overall alignment treatment. The 
column spacers 203A, 203B, 203C are disposed in 
such a manner that the column spacers 203A, 203B are 
laterally arranged at a predetermined interval with 
respect to the rubbing direction 69, and the column 
spacer 203C is disposed behind the spacers 203A, 
203B and equally spaced apart from the spacers 203A, 
203B. The column spacer 203C situated behind (rear 
column spacer) has a cross sectional area larger than 
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cross sectional areas of the column spacers 203A, 
203B (front column spacers). 

[0105] When the substrate 202 having the complex 
column spacer 203 is rubbing-treated, the alignment 
treatment direction, i.e., the direction in which rubbing is 5 
actually performed, is locally controlled according to the 
configuration of the complex column spacer 203. The 
alignment treatment state is shown in Figure 22. 
[0106] Referring to Figure 22, reference numeral 69 
denotes the rubbing direction. A solid line arrow indi- io 
cates the actual flow of rubbing, i.e., the alignment treat- 
ment direction. An arrow 61 indicates a local alignment 
treatment direction. What is important is the rear col- 
umn spacer 203C. Rbers of the rubbing cloth (not 
shown) that collided with the spacer 203C are repelled i5 
rightward and leftward. Thereby, as indicated by arrows 
81a, 81b, rubbing is performed rightward and leftward. 
To prevent the rubbing from being performed in a nor- 
mal direction (rubbing direction 69) over the rubbing 
thus performed rightward and leftward, the front column 20 
spacers 203A, 203B are formed. Consequently, as 
shown in the same Figure, local different direction align- 
ment-treated areas 70 which are subjected to alignment 
treatment in the direction different from the alignment 
treatment direction of surrounding areas 71 are formed 25 
around the complex column spacer 203. The upper sub- 
strate 201 is subjected to alignment treatment in the 
same direction as the surrounding areas 71 . Therefore, 
the liquid crystal layer 4 situated above the different 
direction alignment-treated areas 70 of the lower sub- 30 
strate 202 is in twist-orientated state. The twist-orien- 
tated state (hereinbelow referred to as a twist-oriented 
area) of the liquid crystal layer 4 becomes a nucleus 
and the spray to bend transit Ion proceeds. Particularly 
in the twist-orientated area, a portion that becomes the 35 
nucleus of the spray to bend transition is represented by 
X in Figure 22, and the twist occurs in this area. 
[0107] Preferred conditions of the configuration of 
the complex column spacer 203 will now be explained. 
If the distance between the front column spacers 203A. 40 
203B and the rear column spacer 203C is too large, 
then a shading effect of the column spacers 203A, 203B 
is reduced. In order to exhibit the shading effect effi- 
ciently, it is necessary to shade the different direction 
rubbing area in the vicinity of the column spacer 203C 45 
so as not to be subject to rubbing in the normal direc- 
tion. The relationship between a height and a shading 
distance of the complex column spacer 203 is investi- 
gated. According to the investigation, in case of the 
complex column spacer 203 of this embodiment, an so 
area where a distance from the complex column spacer 
203 Is five times or less as large as the height of the 
complex column spacer 203 provides the shading 
effect. An area where the distance Is three times or less 
provides a reliable shading effect. On the other hand, in 55 
an area where the distance is five times or larger, the 
shading effect is not provided. When the height of the 
complex column spacer 203 is reduced to half, the 



shading distance is correspondingly reduced to half. 
That is, the shading distance is expressed as a function 
of the height of the complex column spacer 203. 
[0108] It is required that the spacing between the 
column spacers 203A, 203B situated forward be larger 
than a fiber diameter of the rubbing cloth. In this embod- 
iment, the spacing is preferably 10 iim or larger. In the 
areas between the front column spacers 203A, 2038 
and the rear column spacer 203C, shades of rubbing 
due to the front column spacers 203A, 2038 are gener- 
ated and in the shade areas, the rubbing direction is dif- 
ferent from that of the surrounding area 71. It is 
confirmed that a pretllt angle is changed in the shade 
areas. For efficient transition, it is required that the 
shade reach the column spacer 203C. In this embodi- 
ment, the reaching distance of the shades is five times 
or less as high as the complex column spacer 203 and 
is approximately 25 |tim or less. Therefore, when the dis- 
tance between the front column spacers 203A, 203B 
and the rear column spacer 203C is too large, the tran- 
sition does not efficiently takes place. Also, like this 
embodiment, when the cross-sectional areas of the 
front column spacers 203A, 2038 are larger than the 
cross-sectional area of the rear column spacer 203C, 
the effect of the shades is remarkable. This is because 
it Is highly probable that the shades of the front column 
spacers 203A, 203B make contact with the rubbing 
(alignment treatment) formed by the rear column spacer 
203C. 

[0109] It is preferable that the shorter diagonal line 
of the rhombic cross sections of each of the spacers 
203A, 2038, 203C has a length of 5 |xm or larger. If the 
length is smaller than 5 |im, the column spacer is liable 
to fall. When the column spacer has a cross section of 
an arbitrary shape, its minimum diameter is preferably 5 
\xm or larger The diameter of the column spacer (steric 
obstacle) as defined herein refers to a distance between 
two points on an outer periphery of a cross section, 
between which a center of the cross section of the col- 
umn spacer is situated. 

[01 1 0] To generate the nucleus of the spray to bend 
transition, it is imperative that twist orientation have 
occurred in the liquid crystal layer 4. The transition 
tends to occur in the portion where different direction 
orientation states contact with each other and the por- 
tion where twist-orientated areas of different twist direc- 
tions tends to become the nucleus. This portion is, as 
described above, represented by X in Figure 22 (more 
accurately, a liquid crystal on the portion represented by 
X) and in this portion, a clockwise twist area and a coun- 
ter-clockwise twist area are contact with each other. 
Accordingly, it is desirable that the column spacers be 
configured to form the portion where such different 
direction orientated areas are contact with each other. It 
is more desirable that the column spacer be configured 
to form the portion where the areas with opposite twist 
directions are contact with each other. 
[01 1 1 ] The transition nucleus tends to be generated 
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in the vicinity of the protrusions formed on the substrate, 
including the colunnn spacers 203A, 203B, 203C of the 
second embodiment and the protrusion 1 03(see Figure 
1 ) of the first example of the first embodiment. The rea- 
son for this is as follows. In rubbing, the shade of rub- 5 
bing is generated rearward of the protrusion and causes 
a portion with a low rubbing strength to be formed, while 
the pretilt angle depends on the strength of rubbing. For 
this reason, the rubbing strength is high and the pretilt 
angle is small forward of the protrusion, while the rub- w 
bing strength is low and the pretilt angle is relatively 
large rearward of the protrusion. That Is, the pretilt 
angles forward and reward of the protrusion differ from 
each other, and thereby the defect tends to occur. If the 
defect occurs, the defect tends to become the nucleus. 75 
[0112] This defect is a defect constituting a bound- 
ary between a spray state in which liquid crystal mole- 
cules are directed upward or downward and another 
state in a central portion in a direction of a cell thickness 
when a transition voltage is applied. 20 
[0113] The protrusion tends to become the transi- 
tion nucleus when It has a height more than half of the 
thickness of the liquid crystal layer 4 (referred to as a 
cell thickness in the specification). In order to reliably 
make this protrusion become the transition nucleus, It is 25 
desirable that the height of the protrusion be equal to 
the cell thickness or be larger or smaller than the cell 
thickness by 1 pm or less. 

[0114] In this embodiment, as shown in Figure 21, 
the twist angle in the twist-oriented area is approxi- 30 
mately 60 degrees. The twist- oriented area tends to 
become the transition nucleus when the twist angle is 
45 degrees or larger and is more effective if the twist 
angle is 60 degrees. In a twist-oriented area with a twist 
angle of 90 degrees, transition takes place from the 35 
area even at a voltage as low as 5V. This is because the 
clockwise twist and the counter-clockwise twist coexist 
in this area, which will be discussed in the eighth 
embodiment in detail. Hence, the twist angle of the 
twist-oriented area is preferably set to 45-90 degrees 40 
and is more preferably set to 60-90 degrees. In this 
embodiment, the distribution of orientation directions of 
the liquid crystal in the twist-oriented area need not be 
uniform. It is observed that the transition tends to occur 
when the orientation direction of the liquid crystal has a 45 
distribution and is gradually changed. 
[0115] While the column spacers 203A, 203B, 
203C have vertical planes as side faces, the reliability of 
the spray to bend transition is enhanced when they have 
tapered planes, i.e., planes in which upper portions are 50 
inwardly inclined. 

[0116] In this embodiment, the TFT substrate 202 
having the TFT 66 is used. Because light leaks in the 
twist-oriented area characteristic of this invention during 
black display, it is important to mask this area to thereby 55 
obtain high contrast. In general, the black matrix is 
formed around the pixel electrode. So, if the twist-ori- 
ented area is formed in the area masked by the black 



matrix, then the present invention Is implemented with- 
out reducing an aperture ratio. It Is necessary to apply a 
voltage to the area where the transition nucleus is to be 
formed, in order to bring about the spray to bend transi- 
tion. Accordingly, in this embodiment, the complex col- 
umn spacer 203 is formed on the electrode 65 situated 
below the black matrix 67 to thereby ensure the spray to 
bend transition nucleus area without reducing the aper- 
ture ratio. 

[0117] In this embodiment, the complex column 
spacer 203 is formed for each pixel 63 to reliably bring 
about the transition for each pixel and thereby prevent 
the occurrence of a point defect per pixel. For this rea- 
son, unfavorably, spacer density of the column spacer of 
this embodiment Is higher than that of the general col- 
umn spacer. Because the liquid crystal layer 4 is con- 
tracted at low temperatures, the substrates 201, 202 
cannot follow the contraction of the liquid crystal layer 4 
if the spacer density is thus high. For this reason, bub- 
bles might be generated if the liquid crystal display ele- 
ment E is left at low temperatures for a long time. In this 
embodiment, the complex column spacers 203 are 
divided into units each constituted by three spacers in 
the direction in which the source line 62 extends and 
heights of portions where three complex column spac- 
ers 203 belonging to each unit are formed are adjusted. 
Specifically, a central spacer is formed on the higher 
portion and the other two spacers are fomned on the 
lower portions so that only the central spacer abuts 
against the opposite substrate (color filter substrate) 
201. Accordingly, only the central complex column 
spacer 203 functions as the spacer, and therefore, the 
spacer density is substantially reduced to about 1/3. 
Thereby, the occurrence of the bubbles at low tempera- 
tures is avoided. 

[0118] In this embodiment, the heights of the por- 
tions where the complex column spacers 203 are to be 
formed are adjusted depending on whether or riot to 
form the insulating layer 77 on the electrode 65. Alterna- 
tively, this may be performed by utilizing convex and 
concave portions inherently present on the surface of 
the TFT substrate 202. Also, alternatively, as shown in 
Figure 23, the convex and concave portions may be 
intentionally formed by forming the photoresist layer 20 
on the glass substrate 8 and partially removing the pho- 
toresist layer 20. In Figure 23, the wiring layer compris- 
ing the pixel electrode and the like of the TFT substrate, 
the layer comprising a color filter and the like of the TFT 
substrate and the alignment layer of the color filter sub- 
strate are omitted. 

[0119] In general, the insulating layer 77 is formed 
on the electrode 65. In this embodiment there exist por- 
tions where the insulating layer 77 is removed for adjust- 
ment of height. Such removal of the insulating layer 77 
gets rid of the voltage loss in the insulating layer 77 and 
facilitates the application of a voltage to the liquid crystal 
layer 4. The height of the complex column spacer 203 
may be adjusted by another method to remove the por- 
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tion of the insulating layer 77 where the complex column 
spacer 203 is to be formed, on each of the electrodes 
65. This further reduces the voltage loss in the insulat- 
ing layer 77. 

[0120] Subsequently, an operation of so structured s 
liquid crystal display element E will be explained with 
reference to Figures 19 through 26. 
[0121] As shown in Figures 19 through 22, when a 
transition voltage is applied to the liquid crystal display 
element E» the transition nucleus is generated in the io 
twist-oriented area of the liquid crystal layer 4 formed 
around the complex column spacer 203 on the elec- 
trode 65 of each pixel 63. The bend orientation pro- 
ceeds from the transition nucleus to rts surrounding 
area. For this reason, the spray to bend transition easily is 
takes place. Consequently, the spray to bend transition 
takes place at low voltages. Since the transition nucleus 
is formed in each pixel 63, the transition reliably takes 
place for each pixel 63 and the occurrence of the point 
defect per pixel Is avoided. 20 
[0122] Theoretically consider the reason why the 
spray to bend transition easily takes place. Because an 
energy barrier exists when the transition from the spray 
to the bend orientation is to take place, a transition volt- 
age used for surpassing the energy barrier is needed. 25 
The transition nucleus is necessary for the spray to 
bend transition. 

[0123] As shown in Figure 24(b), suppose that liq- 
uid crystal molecules 4' are adjacent to twist-oriented 
liquid crystal molecules 4". Also suppose that the twist 30 
angle of the liquid crystal molecules 4" is 60 degrees. 
The liquid crystal molecules 4', when the voltage is not 
applied, are spray-oriented as shown in Figure 24(a). 
On application of the voltage to the liquid crystal mole- 
cules 4', they are transformed by the voltage. In this 35 
case, since the liquid crystal molecules 4' are adjacent 
to the twist-oriented liquid crystal molecules 4", the liq- 
uid crystal molecules 4' are twist-transformed in addi- 
tion to the transformation in a cell thickness direction 84. 
In this case, at voltages up to approximately 2.1V, the 40 
liquid crystal molecules 4' are easily transformed in the 
ceil thickness direction 84 rather than twist-transformed, 
while at voltages grater than 2.1V, the molecules 4' are 
easily twist-transformed rather than transformed in the 
cell thickness direction 84. Hence, when the voltage 45 
greater than 2.1V is applied, the liquid Crystal mole- 
cules 4' twist as shown in Figure 24(d). The liquid crys- 
tal molecules 4' twist 300 degrees in the opposite 
direction to a rotary direction of the molecules 4' without 
an applied voltage. The liquid crystal molecules 4' in the so 
middle of twist, for example, the liquid crystal molecules 
4' twisted 180 degrees, look like bend orientation as 
shown in Figure 24(c), when seen In a cross-sectional 
view. It is therefore considered that this twisted state 
easily transitions to the bend orientation. 55 
[0124] The voltage at which the liquid crystal mole- 
cules 4' are easily twist-transformed rather than trans- 
formed in the cell thickness direction 84 is lower than 



the voltage for direct transition from the spray to the 
bend orientation. Hence, the liquid crystal molecules 4' 
bring about spray to bend transition at lower voltages. 
The transitioned liquid crystal molecules 4' becomes the 

nucleus, causing the spray to bend transition to pro- 
ceed. Consequently, the spray to bend transition easily 
takes place. 

[0125] The above-described effects will be 
explained in specific. Figure 25 is a view showing a 
waveform of a transition voltage used for transitioning 
the liquid crystal display element E. When a one-pulse 
square wave voltage (Figure 25) having a voltage value 
of 1 5V and a pulse width of 0.5 second is applied to the 
liquid crystal element E, the liquid crystal display ele- 
ment E transitions from the spray orientation to the bend 
orientation. According to study of the inventors, conven- 
tionally, the transition voltage of approximately 25V is 
necessary. This means that the liquid crystal display 
element E can be transitioned at an extremely low volt- 
age and in a very short time as compared to the conven- 
tional liquid crystal display element. The square voltage 
in Figure 25 may be applied several times. The use of 
the square voltage allows the element E to be reliably 
transitioned even at a temperature of -1 O^C. 
[0126] Figure 26 is a view showing change of a rate 
of occurrence of the transition nucleus with respect to 
the transition voltage. Shown in Figure 26 is the change 
of the rate of occurrence of the transition nucleus in a 
pixel with the transition voltage changed, and at temper- 
atures of -10°C, 25°C room temperature), and 50°C. As 
can be seen in Figure 26, the rate of occurrence of the 
transition nucleus is 100% at a transition voltage of 
about 10V or more irrespective of temperatures. This 
fact shows that by the application of the transition volt- 
age of about 10V, the transition reliably takes place and 
the occurrence of the point defect per pixel is avoided. 
Also, since the transition nucleus is generated at4V, the 
transition occurs at 4V if much time is taken 
[0127] Subsequently, a modification of a liquid crys- 
tal display device according to this embodiment will be 
explained. 

[0128] The complex column spacer has the config- 
uration shown in Figure 21 in the above structure, but 
the configuration of the complex column spacer is not 
limited to this and may be as shown in Figure 27. Fig- 
ures 27(a)-27(i) are plan views showing modifications of 
the complex column spacer. The complex column spac- 
ers 203 shown in Figures 27(a), 27(b) are each consti- 
tuted by a single column spacer and have cross 
sections having sides perpendicular to the rubbing 
direction 69. Since the actual rubbing direction (align- 
ment treatment direction) is laterally divided in the vicin- 
ity of the sides 204 perpendicular to the rubbing 
direction 69 of the column spaces 203, the transition 
nucleus is generated in the vicinity of the sides 204, 
causing transition to occur at a high speed. The com- 
plex column spacer 203 in Figure 27(c) differs from the 
complex column spacer of Figure 22 in that the respec- 
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tive column spacers have the same rhombic cross sec- 
tions. The complex column spacer 203 in Figure 27(d) is 
constituted by column spacers each having a triangular 
cross section. Basically, the column spacers of this 
embodiment need to have cross sections having inclina- 
tions oblique or lateral with respect to the rubbing direc- 
tion 69 in order to control the alignment treatment 
direction. The complex column spacer of Figure 27(e) is 
configured such that the complex column spacer of fig- 
ure 27(c) is laterally repeated. With such configuration, 
there are formed a number of areas 205 where rubbing 
collides from right and left sides. Hence, portions where 
the clockwise twist areas and the counter-clockwise 
areas are contact with each other are efficiently formed 
in the areas 205, thereby facilitating the occurrence of 
the transition nucleus. The complex column spacer 203 
of Figure 27(f) is configured such that four column spac- 
ers having rhombic cross sections are disposed to be 
adapted to respective vertexes of imaginary rhombuses 
each having a diagonal line parallel to the rubbing direc- 
tion 69. A complex column spacer 203 of Figure 27(g) is 
constituted by a plurality of column spacers having 
cross sections of apparently circular shapes or appar- 
ently circular polygons, A complex column spacer 203 
of Figure 27(h) has shapes and placement of column 
spacers similar to those of the complex column spacer 
203 of Figure 21 . A complex column spacer 203 of Fig- 
ure 27(1) is configured such that a plurality of (two) col- 
umn spacers having rectangular cross sections are 
placed in parallel with each other and are inclined with 
respect to the rubbing direction 69 so that linear side 
faces of the column spacers seen in a plan view are 
arranged as being Inclined with respect to the rubbing 
direction 69. The illustrated examples of Figures 27(g)- 
27(1) have typical dimensions. When the complex col- 
umn spacers 203 have such dimensions, transition of 
the liquid crystal preferably takes place. The rubbing 
direction 69 may be reversed in Figures 21 , and 27(a)- 
27(1). 

[0129] While the complex column spacer 203 Is 
formed on the electrode 65 as described above, it may 
be formed on the pixel electrode 64 as shown In Figure 

28. 

[0130] While the complex column spacer 203 is 
formed on the TFT substrate 202 by utilizing the convex 
and concave portions thereof, they may be formed on 
the color filter substrate 201 by utilizing steps of the 
color filter 76. The steps of the color filter 76 can be 
formed by or without overlapping respective color filter 
layers on the black matrix 67 when forming color filters 
of R, G and B. 

[0131] While the portion of the TFT substrate 202 
where the complex column spacer 203 is to be formed 
Is lowered so that the complex column spacer 203 does 
not abut against the opposite substrate 201 , a concave 
portion 86 may be formed in a portion of an inner sur- 
face of the color filter substrate 201 that is opposite to a 
tip end of the complex column spacer 203 so that the 



complex column spacer 203 does not abut against the 
color filter substrate 201 as shown Figure 30. The con- 
cave portion 86 may be formed by forming the photore- 
sist layer 20 on the glass substrate 1, forming the 

5 concave portion 72 in the photoresist 20, and sequen- 
tially forming the counter electrode 2 and the alignment 
layer 3 thereon, by using the photolithographic method. 
While the complex column spacer 203 is formed on the 
pixel electrode 64 in this embodiment, it is obvious that 

w the concave portion 86 can be formed In the same man- 
ner when the complex column spacer 203 is formed on 
the electrode 65. When the complex column spacer 203 
is formed on the color filter substrate 201 , a concave 
portion is formed in a portion of the inner surface of the 

75 TFT substrate 202 that is opposite to the tip end of the 
complex column spacer 203 so that the complex column 
spacer 203 does not abut against the TFT substrate 
202. Also in this case, the concave portion may be 
formed as described above. 

20 [0132] While the liquid crystal display element E is 
of an active matrix type in the above structure, the type 
of the substrates may be arbitrary because the aim of 
the present invention is to provide the complex column 
spacers for controlling rubbing on the substrate. The 

25 present invention is applicable to substrates of other 
types such as a passive matrix type. 

Embodiment 3. 

30 [0133] In a third embodiment of the present inven- 
tion, a liquid crystal display element is configured as 
including column spacers which are not contact with the 
opposite substrate. 

[0134] In the second embodiment, the liquid crystal 

35 display element includes the complex column spacer 
203 that is not contact with the opposite substrate. The 
formation of such a column spacer is not limited to a 
case where the transition nucleus is formed. In other 
words, this configuration is essential to the formation of 

40 a number of transition nucleuses like the present inven- 
tion and is also effective when a column spacer is ordi- 
narily formed for a plurality of pixels. In general, when 
spacer beads are dispersed in a space between sub- 
strates, the substrates are elastically deformed with effi- 

45 ciency because of a particle diameter distribution of the 
spacer beads. However, the column spacers are gener- 
ally fornned with uniform heights. For this reason, bub- 
bles tend to be generated at low temperatures. So, with 
the heights of the column spacers fixed, convex and 

50 concave portions are formed on the substrate to have a 
distribution of efficient heights of the column spacers 
according to the convex and concave portions. Thereby, 
the number of the column spacers contact with the sub- 
strate substantially at a room temperature is reduced 

55 and the problem associated with the bubble at low tem- 
peratures can be solved. The aim of this embodiment is 
that there exist column spacers which are not contact 
with the opposite substrate substantially at a room tem- 
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perature. 
Embodiment 4. 

[0135] In a fourth embodiment of the present inven- 5 
tion, the complex column spacer 203 is provided only for 
a part of a plurality of pixels unlike the second embodi- 
ment. Referring to Figure 31, reference numeral 73 
denotes a layer constituted by a black matrix, a color fil- 
ter, a counter electrode, and the like, and reference io 
numeral 75 denotes a wiring layer constituted by a 
source line, a gate line, a pixel electrode, an electrode, 
an insulating layer, and the like. The TFT substrate 202 
includes a flattening layer 74 made of resin such as 
acryl-based resist such that it covers a surface of the 15 
wiring layer 75, and the complex column spacer 
203(one spacer is shown in Figure 31) is formed on the 
flattening layer 74. The complex column spacer 203 is 
provided only for the pixel 63. The other respects are 
identical to those of the second embodiment. The provi- 20 
sion of the complex column spacer 203 only for the pixel 
63 requires that the spray to bend transition occurring 
around the complex column spacer 203 be grown over 
the pixels 63. For this purpose, the substrates 201, 202 
need to have flattened surfaces. However, in a normal 25 
array substrate (TFT substrate) 202, convex and con- 
cave portions 75a of approximately 1 fim at maximum 
are sometimes present on the wiring layer 75. Accord- 
ingly, in this embodiment, the flattening layer 74 is 
formed to offset the convex and concave portions 75a 30 
on the surface of the wiring layer 75 by means of the 
resin to thereby reduce the convex and concave por- 
tions on the inner surface of the array substrate 202. 
Consequently, the spray to bend transition easily pro- 
ceeds over the pixels. 35 

Embodiment 5. 

[0136] In a fifth embodiment of the present inven- 
tion, an area alignment-treated in a direction different 40 
from an alignment treatment direction of a surrounding 
area is locally formed by photo-orientation. The aim of 
the present invention is to form the twist-oriented area, 
and a method for an alignment treatment may be arbi- 
trary. Hence, when the twist-oriented area is formed by 45 
photo-orientation, the same effect is obtained. For 
instance, when the alignment treatment shown in Figure 
22 is performed by photo-orientation, the same effects 
are obtained like the second embodiment. It should be 
remembered that the alignment layer of the substrate to 50 
be subjected to the photo-alignment treatment must be 
constituted by an photo-alignment layer. The other 
respects are identical to those of the second embodi- 
ment. 

55 

Embodiment 6. 

[0137] In a sixth embodiment of the present inven- 



tion, a liquid crystal display device is constructed by 
using the liquid crystal display element according to the 
second embodiment. 

[0138] As shown in Figure 32, a liquid crystal dis- 
play device 301 according to the six embodiment com- 
prises the liquid crystal display element E of the second 
embodiment, a source driver 305 and a gate driver 304 
for driving the liquid crystal display element E, a refer- 
ence power supply circuit 303 for supplying a reference 
voltage to the source driver 305, and a controller 302 
that receives a video signal 307 as an input, outputs the 
video signal 303 to the source driver 305 and controls 
the reference power supply circuit 303, the gate driver 
304, and the source driver 305. That is, a power supply 
only for transition is not provided. 
[0139] Subsequently, a transition operation of the 
liquid crystal display element 301 so constructed will be 
explained. As described in the second embodiment, the 
liquid crystal display element E gives rise to transition 
when a transition voltage not less than 4V is applied. It 
should be remembered that transition time depends on 
the transition voltage. A driving voltage of the liquid 
crystal display device 301 of this embodiment is 6V at 
maximum. When this driving voltage is applied, the liq- 
uid crystal display device E is surely to transition. Actu- 
ally, when the liquid crystal display device 301 was 
turned ON, the liquid crystal display element E, which 
was experiencing only the driving voltage being applied, 
transitioned. After the liquid crystal display device 301 
was turned ON, a normal video signal continued to flow 
in the liquid crystal display element E, and transition 
was almost completed in about 10 seconds. That is, in 
the liquid crystal display device 301 of this embodiment, 
without applying the special waveform shown in Rgure 
25 or a transition voltage having a value higher than that 
of the driving voltage, it is possible to transition the liquid 
crystal display element E by continued application of the 
driving voltage having the normal driving waveform and 
the maximum value of 6V. Consequently, cost can be 
significantly reduced without the necessity of providing 
the power supply only for transition. 
[0140] While the liquid crystal display element Is 
constituted by the element that transitions at 4V, this 
may be the element that transitions at by or less 
because the driving voltage of the liquid crystal display 
element of the liquid crystal display device is approxi- 
mately 10V at maximum. 

Embodiment 7 . 

[0141] In a seventh embodiment of the present 
Invention, a liquid crystal display device includes a 
power supply only for transition. Referring to Figure 33, 
a liquid crystal display device 308 of this embodiment 
differs from that of the sixth embodiment in that it 
includes the liquid crystal display element F of the fourth 
embodiment as the liquid crystal display device. A pair 
of transition voltage application electrodes 31 0 are pro- 
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vided on the color filter substrate and TFT substrate of 
the liquid crystal display element R The complex col- 
umn spacer 203 shown in Figure 31 is formed on one of 
the pair of transition voltage application electrodes 31 0. 
The pair of transition voltage application electrodes 310 
are connected to a transition voltage application circuit 
306 which is controlled by the controller 302. The other 
respects are identical to those of the sixth embodiment. 
[0142] In the liquid crystal display device 308, prior 
to display of video, a predetermined transition voltage is 
applied to the pair of electrodes 31 0 under control of the 
controller 301 , causing the liquid crystal display element 
F to transition. In this case, the liquid crystal display ele- 
ment F transitions at a lower voltage and in a shorter 
time as compared to the conventional element because 
the twist-orientated area is locally formed. 

Embodiment 8 . 

[0143] In the second embodiment, the spray to 
bend transition is reliably perfomried by locally control- 
ling the rubbing direction. In an eighth embodiment of 
the present invention, this transition process is studied 
more carefully to reliably generate a transition nucleus. 
[0144] Figures 34(a) and 34(b) are conceptual 
views showing a stability condition of a liquid crystal of 
a liquid crystal display element, wherein Figure 34(a) is 
a view showing a basic stability condition of the liquid 
crystal and Rgure 34(b) is a view showing a stability 
condition of the liquid crystal in parallel orientation and 
in twist orientation. Figures 35(a)-35(c) are conceptual 
views schematically showing a process for spray to 
bend transition of a liquid crystal display element in 
which twist- oriented areas are locally formed, wherein 
figure 35(a) is a view showing a case where two twist- 
oriented areas in opposite directions are contact with 
each other, Figure 35(b) is a view showing a case where 
a twist angle of one of two twist-oriented area Is 90 
degrees, Figure 35(c) is a view showing a case where a 
twist angle of one of two twist-oriented areas is 90 
degrees or larger, and Figure 36(d) is a view showing a 
case where two twist-oriented areas in the same direc- 
tion are contact with each other. 

[0145] As shown in Figure 34(a), a liquid crystal 
basically prefers a normal arrangement state in which 
an inclination angle with respect to a substrate is not 
changed and a state In which the liquid crystal is less 
twist-transformed. A typical example of a state In which 
these conditions are opposite to each other is the paral- 
lel orientation state. In the orientation with a twist angle 
of 90 degree or smaller, a stability condition of the liquid 
crystal is basically the same as the parallel orientation 
state. 

[0146] As shown in Figure 34(b), in the parallel ori- 
entation state, the spray orientation with the twist angle 
of zero degree is energetically stable without an applied 
voltage. When the voltage of approximately 2V or more 
is applied, the normal arrangement state with the twist 
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angle of 180 degrees is energetically stable. It is con- 
firmed that the twist of 1 80 degrees becomes stable by 
application of the voltage and the stable state continu- 
ously transitions to the bend orientation. It is therefore 

5 necessary to form the twist state of 180 degrees tran- 
siently. In actuality, however, even if the liquid crystal is 
changed into a state in which twist state of 1 80 degrees 
becomes energetically stable by application of the volt- 
age, the liquid crystal is not easily transformed into the 

10 twist state of 1 80 degrees. This Is because a nucleus for 
transition is needed due to a large structural change. 
The aim of the present invention is to reliably form the 
nucleus for transition. In case of a spray twist orientation 
with the twist angle of 90 degrees or smaller, the twist 

75 angle at which it becomes energetically stable upon 
application of the voltage at approximately 2V or more Is 
1 60-0 (G: twist angle) and the other respects are basi- 
cally identical to those of the parallel orientation. 
[01 47] Figure 35(a) is a view showing a case where 

20 the complex column spacer is formed like the second 
embodiment, in which case the transition occurs 
through the following process. 

[0148] As shown in Figure 35(a), suppose that a 
clockwise twist state area 403 (twist angle = -60 

25 degrees) and a counter-clockwise twist state area 402 
(twist angle = 75 degrees) are formed and are contact 
with each other. Reference numeral 401 denotes a par- 
allel-oriented area, and white and black arrows indicate 
a rubbing direction and a direction of the liquid crystal 

30 molecules, respectively. On application of the voltage, 
the area 403 with clockwise twist in an initial stage 
becomes stable with a counter-clockwise twist of a 
larger twist angle. Without the nucleus, it is impossible 
to transition to this state. The clockwise twist area 403, 

35 when the counter-clockwise twist area 402 is in contact 
with it from the beginning, transition to the counter- 
clockwise twist with the area 402 serving as the 
nucleus, causing the nomnal anBngement twist 404 to 
be generated. Hence, a defect is observed between the 

40 clockwise twist area 403 and the counter-clockwise 
twist area 402, and movement of the defect toward one 
of these areas is observed. 

[0149] Further, since the parallel-oriented area 401 
outside of the area 403 and the nomnal arrangement 

45 twist 404 with a larger twist angle are brought into con- 
tact with each other, the normal arrangement twist 404 
becomes the nucleus, causing the bend transition 405 
to occur in the parallel-oriented area 401 . 
[0150] Thus, it is found that when the clockwise 

50 twist area 403 and the counter-clockwise twist area 402 
are contact with each other, the area 402 becomes the 
nucleus, causing the transition. With the twist angle of 
90 degrees or smaller, the transition voltage can be low- 
ered. For instance, when the twist angle is 90 degrees, 

55 the transition voltage is 5V, while when the twist angle is 
60 degrees, the transition voltage is 8V. As shown in 
Figure 35(d), the formation of two types of spray twists 
in the same rotary direction contributes less to the for- 
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mation of the transition nucleus. 

[0151] The observation is conducted with a larger 
twist angle. As shown in Figure 35(b), when a twist 
angle of an area 406 of two twist areas 402, 406 contact 
with each other Is 90 degrees, two twist states in oppo- 5 
site directions coexist in the area 406 in an initial stage. 
On application of the voltage, the nornnal arrangement 
twist 404 is grown and is contact with the parallel-ori- 
ented area 401 outside of the area 404, and the contact 
portion becomes the nucleus, causing the bend transi- io 
tion 405 to occur. 

[0152] As shown in Figure 35(c), a twist angle of an 
area 407 of two twist areas 402, 407 contact with each 
other is 90 degrees or larger (in this case 1 05 degrees), 
the normal arrangement twist 404 is stable in an initial 15 
stage and becomes the nucleus, causing the bend tran- 
sition 405 to occur. Consequently, when forming the 
area with the twist angle of 90 degrees or larger, it is not 
necessary to form two twist areas. It should be noted 
that the voltage required for transition is 5V when the 20 
twist angle is 90 degrees and is 7V when the twist angle 
is 1 05 degrees. 

[0153] Subsequently, a method for forming the 
above-described twist-oriented area will be explained. 
As shown in Figure 35(a), the clockwise twist area and 25 
the counter-clockwise twist area, which are contact with 
each other, are locally formed in a parallel-oriented area 
by forming the complex column spacer on the substrate 
and performing rubbing thereon as described in the 
second embodiment. 30 
[0154] As shown in Figures 35(b) and 35(c), it was 
impossible to form the twist-oriented area with the twist 
angle of 90 degrees or larger in the parallel-oriented 
area by one alignment treatment described in the above 
embodiments. Accordingly, the inventors have discov- 35 
ered that the twist-oriented area can be formed by per- 
forming rubbing on the substrate having the column 
spacer twice. This will be described with reference to 
Figure 36. 

[0155] Figures 36(a) and 36(b) are plan views 40 
showing an alignment treatment of a substrate of a liq- 
uid crystal display element according to the eighth 
embodiment of the present invention, wherein Figure 
36(a) is a view showing a state after first rubbing and 
Figure 36(b) is a view showing a state after second rub- 45 
bing. As shown in Figure 36(a), the first rubbing is per- 
formed on a substrate 501 having a column spacer 502 
in a direction 69' inclined at an angle of 90 degrees or 
larger (in this case approximately 135 degrees in a 
counter-clockwise direction) with respect to a reference 50 
direction 69", i.e., an alignment treatment direction of a 
pair of substrates between which the liquid crystal Is 
sandwiched, and as shown in Figure 36(b), the second 
rubbing is then performed in the reference direction 69". 
Since the second rubbing is not performed on a shade 55 
area 503 of the column spacer 502, the alignment treat- 
ment by the first rubbing is left thereon. This makes it 
possible to form a twist-oriented area 503 with the twist 



angle of 90 degrees or larger in the parallel-oriented 
area 504. 

[0156] When forming the twist-orientated area with 
the twist angle of 90 degrees or larger, addition of some 
chiral agent to the liquid crystal is effective. In general, 
without the addition of the chiral agent, it is difficult to 
form the twist-oriented area of 90 degrees or larger, it is 
also difficult to form the same if the ribbing process is 
performed several times. As described above, the twist- 
oriented area of 90 degrees or larger becomes the tran- 
sition nucleus. The addition of the chiral agent makes 
the orientation state in a specific rotary direction stable. 
For Instance, the addition of a clockwise chiral agent 
makes the clockwise twist-oriented stable and even the 
twist-oriented area of 90 degrees or larger is stable. 
Thus, the chiral agent is effective in forming the twist- 
oriented area of 90 degrees or larger. 
[0157] When the liquid crystal display element 
described in the second embodiment is created by 
using the substrate alignment-treated by the above 
method, the transition nucleus from the spray orienta- 
tion to the bend orientation is reliably generated. Conse- 
quently, the liquid crystal display element that facilitates 
the spray to bend transition is obtained. 

Embodiment 9. 

[0158] In a ninth embodiment of the present inven- 
tion, an alignment layer is scratched to form different 
types of orientation direction areas contact with each 
other. 

[0159] Rgure 37 is a plan view schematically show- 
ing an alignment treatment of a substrate of a liquid 
crystal display element according to a ninth embodi- 
ment of the present invention. 

[0160] In Figure 37, a substrate 501 of the liquid 
crystal display element of the ninth embodiment has an 
alignment layer (not shown) formed on a surface layer 
portion thereof and a scratch 504 is formed on a surface 
of the alignment layer such that it is curved in a rubbing 
direction 69. The scratch 504 is formed by scratching as 
shown in the Figure by means of an erected needle on 
the substrate 501 . The method for forming the scratch 
501 is not limited to this. For example, a surface of the 
substrate 504 may be irradiated with a pulsed laser 
beam to remove a portion of the alignment layer, 
thereby forming the scratch. 

[0161] When the opposite substrate is parallel- 
alignment treatmented in so structured liquid crystal dis- 
play element, liquid crystal molecules situated on the 
scratch 504 of the substrate 501 are oriented in direc- 
tions indicated by arrows of Figure 37. In other words, a 
counter-clockwise twist area 506 and a clockwise twist 
area 505 are formed in the scratch 504 with its central 
portion being a boundary between the areas 506 and 
505. The formation of the counter-clockwise twist area 
506 and the clockwise twist area 505 as being contact 
with each other allows the transition nucleus to be relia- 
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biy generated as described in the eighth embodiment. 
In this embodiment, the transition occurs from the 
boundary between the counter-clockwise twist area 506 
and the clockwise twist area 505 and the spray to bend 
transition takes place easily. The scratch herein refers to 5 
a state in which the alignment layer partially lacks. To 
form the scratch, the alignment layer may be removed 
by etching by using photoresist. Further, a liquid misci- 
ble in a specific solvent and a nonmiscible liquid may be 
mixed and emulsioned to be cured, followed by removal 10 
of one of the liquids by the solvent. 

Embodiment 10. 

[0162] In a tenth embodiment of the present inven- 15 
tion, a local alignment treatment is performed by photo- 
orientation to form a twist-oriented area with a twist 
angle of 90 degrees or larger. 

[0163] Figure 38 is a plan view schematically show- 
ing an alignment treatment of a substrate of a liquid 20 
crystal display element of this embodiment. 
[0164] Referring to Rgure 38, a substrate 501 of the 
liquid crystal display element has an alignment layer 
(not shown) formed on a surface layer portion, the align- 
ment layer having photosensitivitive group. The surface 25 
of the alignment layer is subjected to alignment treat- 
ment such that circular twist-oriented areas 508 with a 
twist angle of 90 degrees or larger are scattered in a 
parallel-orientated area 541. The twist angle of the 
twist- oriented area 508 is about 1 35 degrees in a coun- 30 
ter-clockwise direction in this embodiment. The circular 
twist-oriented areas 508 are formed on the substrate 
501 such that they correspond to the black matrixes. 
[0165] The alignment treatment is as follows. Ini- 
tially, the alignment layer having photosensitive group is 35 
formed on the surface layer portion of the substrate 501 . 
Then, the entire surface of the alignment layer is irradi- 
ated with a polarized ultraviolet ray to be alignment- 
treated In the reference direction (see description of Fig- 
ure 36 of the eighth embodiment). The plurality of circu- 40 
lar areas 508 on the surface of the substrate 501 so 
alignment-treated by the polarized ultraviolet ray, corre- 
sponding to the black matrixes, are in-adiated with the 
polarized laser beam. The irradiation of the polarized 
laser beam is performed in such a manner that an orien- 45 
tation direction 509 is inclined at approximately 135 
degrees with respect to the reference direction 507 in a 
counter-clockwise direction. Thereby, the local twist-ori- 
ented areas 508 with the twist angle of 90 degrees or 
larger are formed. The twist-oriented areas 508 may be so 
formed by irradiation while scanning the pulsed laser 
beam. Also, the twist-oriented areas 508 may be formed 
in such a manner that the surface of the substrate 501 
is covered with a mask having openings corresponding 
to the twist-oriented areas 508 and irradiation of the 55 
polarized ultraviolet ray is given through the mask. 
[0166] When the parallel alignment treatment Is 
performed on the opposite substrate in so configured 



liquid crystal display element, the element has twist-ori- 
ented areas with the twist angle of 90 degrees or larger. 
Therefore, it is possible to reliably generate the transi- 
tion nucleus as described in the eighth embodiment. 
Consequently, the spray to bend transition takes place 
more easily. 

Embodiment 1 1 . 

[0167] In an eleventh embodiment of the present 
invention, a desirable density of the transition nucleus 
will be shown. 

[0168] The aim of the present invention is to form 
the transition nucleus. It should be remembered that 
when a substrate has convex and concave portions 
thereon, the transition sometimes stops due to the con- 
vex and concave portions. It is important to form a 
number of transition nucleuses in order to bring about 
transition reliably. It is desirable to fomri the transition 
nucleus for each pixel. 

[0169] In view of practicality, it is desirable that the 
column spacer serve as the transition nucleus (in a pre- 
cise meaning, a steric obstacle for forming a different 
orientation direction area that will become a transition 
nucleus). In this case, the problem Is that the formation 
of the transition nucleus comprising the column spacer 
for each pixel brings about excessive column spacers. 
The problem has been solved by utilizing the convex 
and concave portions provided on the substrate to 
reduce the column spacers abutting against the oppo- 
site substrate, which has been already described in the 
second embodiment. According to this method, the 
transition nucleus can be formed for each pixel without 
a problem and an ideal density of the transition nucleus 
can be thereby realized. 

[0170] However, if the number of transition nucle- 
uses is smaller, the fabrication cost can be reduced. 
Accordingly, after further study, the followings with 
regard to the density of the transition nucleus are found. 
[0171] First, to obtain the effect of the present 
invention, it is not necessary to form the transition 
nucleus for each pixel but it is desirable to form the tran- 
sition nucleus at a density of one or more transition 
nucleus for one hundred pixels. 

[0172] Second, when the transition nucleus Is 
formed at a density of one or more transition nucleus for 
ten pixels, it Is possible to reliably transition the whole 
panel. 

[0173] Third, while the transition nucleus is periodi- 
cally formed on the substrate in the above-described 
embodiments including this embodiment, it is not nec- 
essarily to form the transition nucleus periodically. 
Rather, in the case of periodic formation of the transition 
nucleus on the substrate, when patterns for formation of 
the transition nucleuses are displaced in creation of the 
panel by using the photolithographic method, an image 
looks like moire in display operation of the completed 
liquid crystal display element. This problem has been 
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solved by randomly forming the transition nucleuses on 
the substrate and randomly forming the patterns for for- 
mation of the transition nucleuses. 
[0174] The liquid crystal display element of this 
embodiment meets the first to third conditions. s 

Embodiment 12. 

[0175] The growth of the transition over the pixels 
sometimes stops due to the convex and concave por- io 
tions on the substrate, which has been described in the 
eleventh embodiment. In a twelfth embodiment of the 
present invention, a transition nucleus is formed on a 
source line not to impede or to facilitate the growth of 
transition over the pixels. 15 
[0176] Figure 39 is a plan view showing a structure 
of an active matrix substrate of a liquid crystal display 
element according to the twelfth embodiment of the 
present invention. 

[0177] Referring to Figure 39, a plurality of steric 20 
obstacles 510 (in this embodiment, three) are provided 
on an active matrix substrate 202 at predetermined 
intervals in the direction in which the source line 62 
extends such that they override the source line 62. The 
respective steric obstacles 510 are formed such that 25 
opposite ends of each of the obstacles 510 overlap two 
pixel electrodes 64 between which the source line 62 is 
sandwiched when seen in a plan view. The respective 
steric obstacles 510 are each constituted by a protru- 
sion of a rectangular plate shape provided on the active 30 
matrix substrate 202. In this embodiment, the rubbing 
direction 69 is, as indicated by an an-ow 69, the direction 
in which the source line 62 extends. The respective 
obstacles 51 0 are disposed close to one another so that 
a shade of rubbing is continuously generated and are 35 
disposed obliquely with respect to the rubbing direction 
69 for easy flow of rubbing. The other respects are iden- 
tical to those of the fourth embodiment. 
[0178] In the liquid crystal display element so struc- 
tured, it Is confirmed that a defect, that is, a defect 40 
between two types of spray-oriented states (a boundary 
between an area having a center of spray orientation in 
the vicinity of one substrate and an area having a center 
of spray orientation in the vicinity of the other substrate) 
is trapped, and the growth of the transition over the pix- 45 
els begins at the trapped defect and is facilitated. What 
is important in this embodiment is a mechanism for 
maintaining the defect. 

[0179] As described in the fourth embodiment, to 
facilitate the growth of transition over the pixels, reduc- 50 
tion of the convex and concave portions on the sub- 
strate is effective. Since the convex and concave 
portions on the substrate impede the growth of transi- 
tion over the pixels, they are reduced by a flattening 
layer comprising a resin layer, thereby further facilitating 55 
the growth of the transition over the pixels. 



Embodiment 13. 

[0180] In a thirteenth embodiment of the present 
invention, steric obstacles for controlling rubbing are 
formed by utilizing steps of an array structure of an array 
substrate without the use of column spacers. 
[0181] In this embodiment, steps of 2 yunn at maxi- 
mum are formed in a process for forming an array of the 
array substrate. When the array substrate is subjected 
to alignment treatment, the steps are utilized to control 
rubbing, thereby forming a transition nucleus (different 
orientation direction area). 

[0182] Compared with a case using the column 
spacers, probability of transition from the spray to the 
bend orientation is reduced in the liquid crystal display 
element using so created array substrate. On the other 
hand, since the mere change of an array process used 
for fabricating the array substrate provides the liquid 
crystal display element having the transition nucleus of 
the present invention, this is advantageous because the 
transition nucleus can be formed easily. Moreover, relia- 
bility of the bend transition can be further enhanced by 
combining the alignment treatment method of this 
embodiment and the alignment treatment method of 
twice rubbings in different orientation directions as 
described in the eighth embodiment. 

Eml3odlmept 14t 

[0183] In a fourteenth embodiment of the present 
invention, column spacers (steric obstacle) are water- 
repellent to form different orientation direction areas. 
[0184] Figure 40 is a plan view showing a state of 
an alignment treatment of a substrate of a liquid crystal 
display element according to a fourteenth embodiment 
of the present invention. 

[0185] Referring to Figure 40, a complex column 
spacer 203 is formed on the substrate 202 and consti- 
tuted by column spacers 203A, 203B, 203C, each of 
which is made of a water-repellent material. In general, 
areas around the spacers 203A, 203B, 203C, in partic- 
ular, portions situated forward in the rubbing direction 
69 are less subject to rubbing. When the column spac- 
ers 203A, 203B, 203C are water-repellent, liquid crystal 
molecules situated around the column spacers 203A, 
2038, 203C have a tendency to be oriented in a direc- 
tion 51 1 perpendicular to side surfaces of the column 
spacers 203, 203B, 203C as shown in the Figure. 
Thereby, a clockwise twist area and a counter-clockwise 
twist area are formed as being contact with each other 
in each of the areas around the column spacers 203A, 
203B, 203C. The contact portion acts as the nucleus of 
transition. Accordingly, in the liquid crystal display ele- 
ment using the substrate 202 so alignment-treated, the 
transition nucleus can be reliably formed and the relia- 
bility of the bend transition can be further improved. 
[0186] When forming the column spacers 203A, 
2038, 203C on the substrate 202, the column spacers 
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203A, 203B, 203C made of the water-repellent material 
are first formed and an alignment layer is applied to 
cover the surface of the substrate having the spacers. 
The alignment layer applied to the surfaces of the col- 
umn spacers 203A, 203B, 203C are repelled and the 5 
water-repellent surfaces of the column spacers 203 A, 
203B. 203C are exposed, thereby forming the column 
spacers 203A, 2038. 203C having the water-repellent 
surfaces on the substrate 202. 

[0187] What is important in this embodiment is to 10 
form areas of the substrate on which rubbing is not per- 
formed or is least performed and to Include another ori- 
entation means for orientating the liquid crystal situated 
in the areas in a predetermined direction. In this embod- 
iment, this another orientation means Is water- repel- 15 
lency of the column spacers. 

Embodiment 15. 

[0188] In a fifteenth embodiment of the present 20 
invention, a column spacer formed in an area around a 
display area of a substrate functions as a spacer keep- 
ing a spacing between substrates. 
[0189] The aim of the present invention is to gener- 
ate the transition nucleus and obtain reliability of the 25 
bend transition. In the second embodiment, the column 
spacer is used as the transition nucleus and formed on 
the electrode in the second embodiment. In the active 
matrix type liquid crystal display element, a portion of a 
TFT substrate where the is to be formed is higher by 30 
approximately 1 ^m than a pixel portion of the TFT sub- 
strate by an array structure. Since a black matrix Is 
formed on a portion of a color filter substrate where the 
is to be fomned, the portion is also higher than the pixel 
portion of the color filter substrate. For this reason, the 35 
column spacer formed on the portion where the is 
formed functions as the spacer keeping the spacing 
between substrates because it is contact with both of 
the substrates. On the other hand, the column spacer 
formed in an area outside of the display area of the 40 
panel does not function as the spacer keeping the spac- 
ing between the substrates because steps of the active 
matrix is not formed in this area, and therefore a cell 
thickness is reduced outside of the display area of the 
panel. 45 
[0190] As a solution to this, it is considered that a 
spacer made of glass fibers or the like of a predeter- 
mined size is mixed into an inner portion of a seal resin 
layer formed outside of the display area of the TFT sub- 
strate in order to compensate for steps corresponding to so 
the steps of the active matrix. The problem with this is 
that the spacer might damage signal wiring. 
[0191] In this embodiment, to solve this problem, 
the following configuration is adopted. 

[0192] Figure 41 is a cross-sectional view showing 55 
a structure of the liquid crystal display element accord- 
ing to the fifteenth embodiment of the present Invention. 
In Figure 41, the same reference numerals as those in 
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Figure 20 denotes the same or corresponding parts. For 
the sake of simplicity, some constituents of the color fil- 
ter substrate 201 and the TFT substrate 202 are not 
shown. 

[0193] Referring to Figure 41 , in a liquid crystal dis- 
play element G of the present invention, column spac- 
ers 203 are formed in a display area 542 and an area 
around the display area 542 of the TFT substrate 202 
and a column spacer 203' situated around the display 
area 542 is formed on a dummy pattern 512 formed on 
the area around the display area 542. The dummy pat- 
tern 512 is as high as a portion 543 in the display area 
542 where the column spacer 203 is formed. Reference 
numeral 543 denotes the portion where the column 
spacer 203 is formed and Its height corresponds to the 
steps of the active matrix. The dummy pattern 612 is 
constituted by photoresist In this embodiment, but may 
be constituted by a wiring material or art insulating film. 
[0194] With such a configuration, because the col- 
umn spacer 203' formed around the display area 542 is 
as high as the column spacer formed in the display area 
542, it functions as the spacer keeping the spacing 
between the substrates 201 , 202. 
[0195] One or both of the column spacer 203' and 
the dummy pattern 512 formed around the display area 
542 may be provided on the color filter substrate 201. 
Also, like the second embodiment, the dummy pattern 
512 may be made higher or lower to thereby avoid 
excessive column spacers. Further, the density of the 
column spacer 203' around the display area 542 may be 
made lower than the density of the column spacer of the 
display area 542. 

Embodiment 16. 

[0196] In a sixteenth embodiment of the present 
invention, an electric field (refen^ed to as a lateral elec- 
tric field) in a lateral direction(a direction parallel to sub- 
strates) is applied to form different ohentation direction 
areas. 

[0197] Figures 42(a) and 42(b) are a cfoss-sec- 
tional view and a plan view showing a structure of a liq- 
uid crystal display element according to the sixteenth 
embodiment of the present invention, respectively. Fig- 
ure 43 is a graph showing a waveform of a driving volt- 
age applied to the liquid crystal display element of 
Figure 42. In Figures 42 and 43, the same reference 
numerals as those in Figure 20 denotes the same or 
corresponding parts. 

[0198] In the second embodiment, the rubbing 
direction is controlled to form the different orientation 
direction areas. In this embodiment, unlike the second 
embodiment, the different orientation direction areas 
are formed by the electric field. The different orientation 
direction areas are formed only during application of a 
transition voltage. 

[0199] Referring to Figures 42(a), 42(b), in the liq- 
uid crystal display element of this embodiment, adjacent 
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edge portions of the pixel electrode 64 and the gate line 
61 of the TFT substrate 202 are formed in a zigzag 544 
such that they are engaged with each other. The adja- 
cent edge portions of the pixel electrode 64 and the 
gate line 61 extend in a direction orthogonal to the rub- 5 
bing direction 69, and two inclined straight lines 544a, 
544b extending as being inclined in alternately opposite 
directions to form the zigzag 544 make an angle of 
approximately ± 45 degrees with respect to the rubbing 
direction 69. A pitch P of the zigzag 544 is 100 ixm in w 
this embodiment. The pitch P provides an effect men- 
tioned later when it is 30 [im or larger and is preferably 
smaller than a pitch of the pixel electrode 64. A width of 
a gap between the adjacent edge portions is 10 jim in 
this embodiment. The width of gap is preferably small 15 
because the lateral electric field becomes strong, in 
which case etching is difficult to perform. The width of 
the gap provides an effect mentioned later when it is 4 
jim or larger and is preferably 20 ^im or smaller. 
[0200] A predetermined voltage is applied across 20 
the gate line 61 and the pixel electrode 64 to thereby 
generate a lateral electric field 513. The other respects 
are identical to those of the second embodiment. 
[0201] The predetermined voltage will now be 
described with reference to Figures 42 and 43. A volt- 25 
age of a normal driving waveform (gate voltage) 516 is 
applied to the gate line 61 . The gate voltage 516 com- 
prises a square wave having a period at HIGH level of + 
several volts and a period at LOW level of -20V during 
which the pixel is OFF. Hence, a voltage of -20V is 30 
applied to the gate line 61 during almost the entire 
period. A potential of the pixel electrode 64 (pixel volt- 
age), i.e., a potential of the source line is kept at +3V. A 
transition voltage is obtained by swinging a counter volt- 
age 515. A waveform of the counter voltage 515 is a 35 
square wave with a frequency of 0.5Hz having a period 
at HIGH level of +3V and a period at LOW level of -25V. 
A voltage of 23V is applied across the pixel electrode 64 
and the gate line 61 during the period when the gate 
voltage 516 is at LOW level, causing the lateral electric 40 
field 513 to be generated. A direction of the lateral elec- 
tric field 513 is from the pixel electrode 64 toward the 
gate line 61 . During the period when the counter voltage 
515 is at LOW level, a voltage of 28V is applied across 
the counter electrode and the pixel electrode 64 and a 45 
transition voltage of 5V is applied across the counter 
electrode and the gate line 61. The transition voltage 
and the lateral electric field 513 are simultaneously 
applied during a period 545 when the counter voltage 
515 and the gate voltage 51 6 are at LOW level. 50 
[0202] Subsequently, an operation of the liquid 
crystal display element so configured will be explained. 
Referring to Figures 42 and 43 again, when the liquid 
crystal display element is turned ON and the gate volt- 
age 516 becomes LOW level, the lateral electric field 55 
51 3 is generated between the pixel electrode 64 and the 
gate line 61, causing an orientation direction of liquid 
crystal molecules situated in a portion of the lateral 



electric field 513 to be changed in a direction of the lat- 
eral electric field 513. The lateral electric field 513 is 
generated in the direction orthogonal to the inclined 
lines 544a, 544b of the zigzags 544. In a gap between 
the adjacent edge portions, lateral electric field areas 
inclined at an angle of about 45 degrees In clockwise, 
and counter-clockwise directions with respect to the 
rubbing direction 69 are formed and two types of twist- 
oriented areas twisted at an angle of approximately 45 
degrees in clockwise and counter-clockwise directions 
with respect to the rubbing direction 69 are formed alter- 
nately and in contact with each other, according to the 
lateral electric field. When the counter voltage 515 
becomes LOW level, a voltage of 28V is applied across 
the counter electrode and the pixel electrode 64 and the 
transition voltage of 5V is applied across the counter 
electrode and the gate line 61, causing the transition 
nucleus to be generated in the contact portion between 
the two twist-orientated areas, and the transition 
nucleus is grown to bring about the bend transition. 
Therefore, the bend transition reliably takes place. The 
contact portions of the two twist-oriented areas corre- 
spond to vertexes of the zigzag 544 and the transition 
actually occurred from areas in the vicinity of these ver- 
texes. 

[0203] The aim of the present invention is to form 
the clockwise twist-orientated area and the counter- 
clockwise twist-oriented area contact with each other by 
the lateral electric field generated between the pixel 
electrode and the gate electrode, 
[0204] The twist angle of the clockwise and coun- 
ter-clockwise twist-oriented areas is set to a desirable 
angle by selecting an angle with respect to the rubbing 
direction 69 of the inclined straight lines 544a, 544b of 
the zigzag 544 or a relative angle with respect to the 
direction in which the zigzag 544 extends and the rub- 
bing direction 69. 

Embodiment 1 7. 

[0205] Figures 44 is a plan view schematically 
showing a structure of a liquid crystal display element 
according to a seventeenth embodiment of the present 
invention. Figure 45 is a graph showing a waveform of a 
driving voltage applied to the liquid crystal display ele- 
ment of Figure 44. In Figures 44 and 45, the same ref- 
erence numerals as those in Figures 42 and 43 denote 
the same or corresponding parts. 
[0206] While the lateral electric field is generated 
between the gate line and the pixel electrode in the six- 
teenth embodiment, in this embodiment, the lateral 
electric field Is generated between the source line and 
the pixel electrode unlike tile sixteenth embodiment. 
[0207] Referring to Figures 44, in the liquid crystal 
display element of this embodiment, adjacent edge por- 
tions of the pixel electrode 64 and the source line 62 of 
the TFT substrate 202 are engaged with each other to 
form zigzags 544. Specifically, the source line 62 have 
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opposite edge portions engaged witli edge portions of 
pixel electrodes 64', 64" in zigzags 544. These zigzags 
544, 544 are the same in this ennbodiment. The adja- 
cent edge portions of the pixel electrode 64 and the 
source line 62 extend in a direction parallel to the rub- 5 
bing direction 69, and two inclined straight lines 544a, 
544b extending as being inclined in alternately opposite 
directions mal<e angles of approximately 135 degrees 
and approximately 45 degrees with respect to the rub- 
bing direction 69, respectively. The other respects are 10 
identical to those of the sixteenth embodiment. 
[0208] Subsequently, a driving voltage will be 
described with reference to Figures 44 and 45. Voltages 
with reversed polarities of opposite signs are applied to 
source lines adjacent to each other, that is, the pixel 15 
electrodes 64', 64" between which one of the source 
lines is sandwiched. More specifically, a voltage (pixel 
voltage 514') comprising a square waveform with a pre- 
determined frequency having a period at HIGH level of 
+7V and a period at LOW level of -8V is applied to the 20 
pixel electrode 64' and a voltage comprising a square 
wave of antiphase with respect to the pixel voltage 514' 
is applied to the pixel electrode 64". Like the sixteenth 
embodiment, the transition voltage is obtained by 
swinging the counter voltage 515. A waveform of the 25 
counter voltage 515 is a square wave with a frequency 
of 0.5Hz having a period at HIGH level of a positive volt- 
age and a period at LOW level of a negative voltage. 
Thereby, a voltage of 15V is applied across the source 
line 62 shown in the Figure and the pixel electrode 64" 30 
connected to a source line (not shown) adjacent to the 
source line 62 to generate the lateral electric field 513. 
The direction of the lateral electric field 51 3 is from the 
source line 62 toward the pixel electrode 64". During the 
period when the counter voltage 515 is at LOW level, a 35 
predetermined voltage is applied across the counter 
electrode and the pixel electrode 64. 
[0209] In the liquid crystal display element so con- 
figured, when the liquid crystal display element is turned 
ON and the pixel voltage 514" becomes LOW level, the 40 
lateral electric field 513 is generated between the pixel 
electrode 64" and the source line 62, causing an orien- 
tation direction of liquid crystal molecules situated In a 
portion of the lateral electric field 513 to be changed In 
the direction of the lateral electric field 513. Thereby, as 45 
described in the sixteenth embodiment, the two twist- 
oriented areas are alternately formed in the gap 
between the adjacent edge portions of the pixel elec- 
trode 64" and the source line 62 as being contact with 
each other. The two twist- oriented areas have twist 50 
angles of approximately 45 degrees and approximately 
135 degrees In a clockwise direction in this embodi- 
ment. When the counter voltage 515 becomes LOW 
level, a predetermined transition voltage Is applied 
across the counter electrode and the pixel electrode 64, 55 
causing the transition nucleus to be generated in the 
contact portion between the two twist-orientated areas, 
and the transition nucleus is grown to bring about the 



bend transition. Consequently, the bend transition takes 
place with further reliability. 

[0210] While the twist angles are approximately 45 
degrees and approximately 135 degrees as described 
above, the transition efficiently occurs when the twist 
angle is 45 degrees or larger and more efficiently occurs 
when the twist angle is 60 degrees or larger. 
[0211] While the transition voltage is added at an 
amplitude of the counter voltage. It may be added at an 
amplitude of a source potential with the counter voltage 
kept constant 

Embodiment 18. 

[0212] In an eighteenth embodiment of the present 
Invention, a bias angle In a rubbing treatment is opti- 
mized to form different orientation direction areas. 
[0213] Figure 46 is a view showing a method for 
fabricating a liquid crystal display element according to 
an eighteenth embodiment of the present invention. Fig- 
ure 47 is a plan view showing an alignment treatment 
state of a substrate of the liquid crystal display element 
of this embodiment. 

[0214] Referring to Figure 46, a roller 517 for rub- 
bing has a surface around which a rubbing cloth (buff 
cloth, not shown) is wound. An alignment layer (not 
shown) Is formed on a surface of the substrata 202 and 
the complex column spacer 203 of Figure 47 is formed 
thereon. In a rubbing treatment, the roller 517 is first 
rotated and the substrate 202 is passed under the roller 
517 with the substrate 202 being contact with the roller 
517. A rotary direction of the roller 517 is a direction 
indicated by an arrow 518. Thereby, the alignment layer 
of the substrate 202 is subject to rubbing by means of 
the rubbing cloth of the roller 51 7. In this case, since a 
movement speed of the substrate 202 with respect to 
the roller 51 7 Is negligibly low, the rubbing direction 69 
of the substrate 202 Is a rotary direction of the roller 
517, i.e., a direction orthogonal to a rotary axis of the 
roller 51 7. An angle made between the rubbing direction 
and a direction 591 of the movement of the substrate 20 
with respect to the roller 517 corresponds to the bias 
angle @. In this embodiment, the bias angle 0 is made 
smaller. Rbers of the rubbing cloth of the roller 517 are 
made rigid as compared to the rubbing of Figure 22 of 
the second embodiment. 

[0215] When rubbing is performed under the condi- 
tion, as shown In Figure 47, a rubbing shade portion 
519 of each of column spacers 203A, 203B, 203C con- 
stituting the complex column spacer 203 has areas 
519a, 519c on which rubbing is performed rightward 
and areas 519b, 51 9d on which rubbing Is performed 
leftward, when seen from the rubbing direction 69. This 
is due to the fact that because fibers of the rubbing cloth 
are displaced laterally when they pass over the column 
spacers 203A, 203B, 203C or passed fibers reach the 
substrate 202, a component lateral to the rubbing direc- 
tion 69 is generated, causing the rubbing in a direction 
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inclined with respect to the rubbing direction 69. 
Thereby, the clockwise twist-oriented areas 519a, 519c 
and the counter-clockwise twist-oriented 519b, 51 9d 
are formed as being contact with each other and the 
transition occurs from the contact portion 520. Conse- 5 
quently, the reliability of the bend transition is further 
improved. 

[0216] When the bias angle 0 Is larger, the areas of 
rightward rubbing and areas of leftward rubbing are out 
of balance. It is therefore preferable that the bias angle 10 
is smaller. When the bias angle 0 is 30 degrees or 
smaller, a preferable result of the occurrence of transi- 
tion is obtained. 

[0217] The result of the rubbing treatment of this 
embodiment differs from that of the second embodi- is 
ment. In this embodiment, the mode in which the rub- 
bing cloth passes over the column spacer is dominant. 
The rubbing is performed in this mode when the ribbing 
cloth has relatively rigid fibers. On the other hand, in the 
second embodiment, the mode in which the rubbing 20 
cloth flows between the column spacers is dominant. 
The rubbing is performed in this mode when the rubbing 
cloth has relatively flexible fibers. 

Embodiment 19. 25 

[0218] The column spacer is formed on the elec- 
trode in the second embodiment. However, there is a 
gap between the storage capacitor electrode and the 
pixel electrode, where no electrode exists. For this rea- 30 
son, the progress of the bend transition is impeded. 
Accordingly, in the nineteenth embodiment, the follow- 
ing configuration is adopted. 

[0219] Figure 48 is a plan view showing a structure 
of a liquid crystal display element according to the nine- 35 
teenth embodiment of the present invention. Figure 49 
is a cross-sectional view in the direction of the arrow 
XXXXIX-XXXXIX of Figure 48. In Figures 48 and 49, the 
same reference numerals as those of Figures 1 9 and 20 
denote the same or corresponding parts. 40 
[0220] Referring to Rgures 48 and 49, in a liquid 
crystal dlspl^ element H of this embodiment, the pixel 
electrode 64 overlaps the electrode 65 through the insu- 
lating layer 77, unlike the second embodiment. The 
other respects are identical to those of the second 45 
embodiment. 

[0221] With such a structure, an electric field con- 
tinuously acts on the bend transition occurring around 
the complex column spacer 203, and the bend transition 
preferably proceeds. so 
[0222] When the pixel electrode 64 is positioned as 
an upper-most layer, it is relatively easy to overlap the 
pixel electrode 64 with the electrode 65. 
[0223] Further, to facilitate the progress of the bend 
transition, a flattening process as described in the fourth 55 
embodiment may be performed. 



Embodiment 20. 

[0224] A liquid crystal display element according to 
a twentieth embodiment of the present invention using a 
liquid crystal that is in a first orientation state under a 
no-voltage condition and in a second orientation state 
under a display voltage condition and has an energy 
barrier between the first and second orientation states 
Is characterized in that a third orientation state in which 
an energy barrier existing between the second and third 
orientation states is smaller than that of the first and 
second orientation states is partially preserved in the 
liquid crystal and the preserved partial third orientation 
state is used as a nucleus of transition to the second ori- 
entation state over the entire liquid crystal. 
[0225] Figure 50 is a plan view schematically show- 
ing a structure of a liquid crystal display element 
according to the twentieth embodiment of the present 
invention. Figure 51 is a cross-sectional view in the 
direction of arrow XXXXXI-XXXXXI of Figure 50. In Fig- 
ures 50 and 51, the same reference numerals in Figures 
19 and 20 denote the same or the corresponding parts. 
[0226] Referring to Figures 50 and 51, in a liquid 
crystal display element I of this embedment, the steric 
obstacle 203(see Figure 19) for controlling rubbing of 
the second embodiment has been replaced by an 
incomplete surrounding body 601 used for preserving a 
transient orientation state of the liquid crystal layer 4. 
The incomplete surrounding body 601 is formed on the 
TFT substrate 202 such that it circulates in a plane par- 
allel to the TFT substrate 202 in this embodiment and is 
used as the column spacer like the second embodi- 
ment. The pixel electrode 64 overlaps the electrode 65 
through the insulating layer 77. The other respects are 
identical to those of the second embodiment. The 
incomplete surrounding body as defined herein refers to 
a steric structure body 601 that entirely surrounds a 
three-dimensional area 603 such that it circulates In a 
plane and partially has a lack portion 602 that does not 
surround the three-dimensional area 603, as shown in 
Figure 52. 

[0227] Subsequently, the incomplete sun^ounding 
body 601 will be described in greater detail. In the liquid 
crystal display element I, the liquid crystal layer 4 is 
sandwiched between the substrates 201, 202, and the 
transparent electrodes 64, 79 are formed on the sub- 
strates 201 , 202, respectively. The substrate 202 uses 
an active matrix substrate on which TFT 66 and the 
electrode 65 are formed and the substrate 201 uses a 
substrate on which the black matrix 67 is formed over 
the pixel 63. Through the structure of such an active 
matrix element, a voltage is applied to the liquid crystal 
layer 4. 

[0228] In this embodiment, a transition voltage of a 
waveform having steps shown in Figure 53 is applied to 
the liquid crystal display element I to thereby transition a 
spray orientation 4a of Figure 54(a) to a bend orienta- 
tion of Figure 54(b). 
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[0229] In the conventional liquid crystal display ele- 
ment, the transition from the spray to the bend orienta- 
tion requires much time, for example, several seconds 
to several tens seconds. After application of the transi- 
tion voltage of the waveform of Figure 53, the spray ori- 
entation remains and an image is unevenly displayed. 
[0230] The inventors have discovered the following 
phenomenon after intensive study to reduce the transi- 
tion time and obtain the reliability thereof. 
[0231] When the applied voltage is set to zero volt 
momently after transition to the bend orientation, it is 
revealed that the bend orientation is transformed into a 
twist orientation 4c of 180 degrees as shown in Figure 
55. The twist orientation 4c of 180 degrees Is unstable 
and normally returns to the spray orientation over the 
liquid crystal layer after several seconds to several tens 
seconds. In the conventional liquid crystal display 
device, the twist orientation 4c of 1 80 degrees vanishes 
away. 

[0232] After the twist orientation of 1 80 degrees has 
thus vanished away, that is, in the state in which the 
entire surface of the liquid crystal panel is spray-ori- 
ented, the transition voltage waveform of Figure 53 is 
applied again to thereby transition it from the spray ori- 
entation to the bend orientation. The time it takes to 
transition from the spray to the bend orientation is 
almost the same as the time of the previous transition. It 
should be noted that when transition voltage is applied 
again while the twist-oriented state of 180 degrees still 
remains, the spray-oriented (twist-oriented of 180 
degrees) area immediately transitions to bend orienta- 
tion in a very short time and at an extremely low voltage. 
[0233] The inventors considered that If the twist ori- 
entation state of 1 80 degrees corresponding to an tran- 
sient orientation state from the spray orientation (first 
orientation state) to the bend orientation (second orien- 
tation state: display orientation state) can be preserved 
as the third orientation state, then the liquid crystal dis- 
play element capable of transition to the bend orienta- 
tion in an extremely short time and at an extremely low 
voltage would be obtained and conceived construction 
of a structure for preserving the transient orientation 
state in the liquid crystal layer 4. One conceivable struc- 
ture for preserving the transient orientation state is to 
provide the incomplete surrounding body 601 on the 
substrate. 

[0234] Herelnbelow, an example of the Incomplete 
surrounding body for preserving the transient orienta- 
tion state will be explained. 

(Example 7) 

[0235] Figure 52 is a perspective view showing a 
structure of a lower substrate of the liquid crystal display 
element according to a seventh example of the present 
embodiment. Referring to Figure 52, in the liquid crystal 
display element, the inlet-shaped incomplete surround- 
ing body 601 having a gap 602 is fomied on the lower 



substrate 602. The incomplete surrounding body 601 Is 
a column-shaped body having a C-shaped cross sec- 
tion. The column-shaped area (referred to as a transient 
orientation preserving area) 603 surrounded by the 

5 incomplete surrounding body 601 Is formed In the liquid 
crystal layer on the substrate 202 and the transient ori- 
entation preserving area 603 Is connected to another 
area of the liquid crystal layer by means of a cutout por- 
tion (lack portion) 602 spanning the whole length of 

70 Incomplete surrounding body 603 in a height direction 
thereof. The Incomplete sun-ounding body 601 can be 
formed by the photolithographic method. 
[0236] Subsequently, a transition operation of so 
structured liquid crystal display element will be 

15 explained with reference to Figures 50 through 53. 
[0237] Initially, the transition voltage of the wave- 
form of Figure 53 is applied to the liquid crystal display 
element I to transition it from the spray to the bend ori- 
entation. Then, the applied voltage is momently set to 

20 zero volt. Thereby, the bend orientation has transitioned 
to the spray orientation on most of the areas of the liquid 
crystal layer 4 via the twist orientation of 1 80 degrees in 
almost all the areas of the liquid crystal layer 4. How- 
ever, the twist orientation of 1 80 degrees remains in the 

25 transient orientation preserving area (Inlet) 603 of the 
incomplete surrounding body 601 . In this state, the tran- 
sition voltage waveform of Figure 53 is applied to transi- 
tion the element I from the spray orientation to bend 
orientation, The result is that the time required for tran- 

30 sition of the liquid crystal display element I from the 
spray to the bend orientation is by far shorter than the 
time required for the previous transition and an image is 
evenly displayed. 

[0238] It is observed through a microscope that the 
35 transition from the spray to the bend orientation has 
occurred from the twist-oriented portion of 1 80 degrees. 
Such an oriented portion, from which a display orienta- 
tion (bend orientation) thus spreads. Is named an orien- 
tation transition nucleus herein. In this case, the twist- 
40 oriented portion of 180 degrees corresponds to the ori- 
entation transition nucleus, which Is formed in the tran- 
sient orientation preserving area 603 of the incomplete 
surrounding body 601. 

[0239] Then, the liquid crystal display element I 
45 having the twist orientation of 180 degrees is heated to 
cause the liquid crystal layer 4 to have isotropic phases 
and then cooled again. Consequently, the twist orienta- 
tion of 180 degrees has vanished away. 
[0240] Thereafter, the transition voltage of Vt of Fig- 
so ure 53 or more is applied to the liquid crystal display ele- 
ment I. The result is that the time it takes to transition to 
bend orientation over the entire liquid crystal panel is 
almost the same as the time required for the previous 
transition. This is due to the fact that the twist orientation 
55 of 1 80 degrees In the liquid crystal display element 1 has 
vanished away as the result of the heating of the liquid 
crystal layer 4 to have the isotropic phases. 
[0241] Theoretically consider the above-described 
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phenomenon. The energy barrier exists in transition 
from the spray to the bend orientation, whereas there 
exists no energy barrier in transition from the twist orien- 
tation of 1 80 degrees to the bend orientation and transi- 
tion continuously proceeds. Hence, the twist orientation 5 
of 180 degrees can be transformed into the bend orien- 
tation more smoothly than the spray transition. 
[0242] In general, for transition from the spray to the 
bend orientation, It is necessary to pass over the energy 
barrier by application of a relatively high voltage having 10 
a predetermined waveform. On the other hand, when 
the twist-oriented state is locally formed, there exists no 
energy barrier and the transition to the bend orientation 
easily takes place. 

[0243] The twist- oriented area is relatively stable 15 
without an applied voltage. In this example, the area is 
kept for more than 24 hours. So, the effect of high-speed 
bend transition is kept for more than 24 hours. The twist 
orientation is kept more efficiently when a spacing of the 
notch portion 602 of the incomplete surrounding body 20 
601 is smaller and is kept for more than a month when 
the spacing of the notch portion 602 Is equal to the cell 
thickness or smaller. 

[0244] The requirement of the shape of the incom- 
plete surrounding body 601 is that it sun-ounds the 25 
periphery of the orientation transition nucleus area 
which Is connected to an outside area. Specifically, in 
order to keep the twist orientation, at least three direc- 
tions of the twist- oriented area need to be surrounded 
by the incomplete surrounding body when seen in a 30 
plan view. To allow the bend orientation to spread from 
the orientation transition nucleus area to the entire liquid 
crystal panel, the orientation transition nucleus area 
needs to be connected to its surrounding area. 
[0245] As apparent from the study, it is desirable 35 
that the incomplete surrounding body have a height as 
large as possible. When the Incomplete surrounding 
body is made higher, the probability that the twist orien- 
tation of 180 degrees remains becomes correspond- 
ingly higher. When the height of the incomplete 40 
surrounding body is larger than half of the cell thick- 
ness, the probability is about 5%. When the height of 
the incomplete surrounding body is substantially equal 
to the cell thickness, effect of leaving the twist orienta- 
tion of 180 degrees is the greatest and the probability 45 
that the twist orientation of 180 degrees remains is 10% 
or more. 

[0246] When the orientation transition nucleus area 
(transient orientation preserving area) 603 is too large, 
no twist orientation remains. When the orientation tran- so 
sition nucleus area has a diameter of 25 |j.m or larger, 
the twist orientation of 180 degrees hardly remains. As 
the nucleus area is smaller, the probability that the twist 
orientation of 180 degrees remains becomes higher. 
When the diameter is approximately 5 )iim, the probabil- 55 
ity that the twist orientation of 180 degrees remains is 
the highest, namely, approximately 10%. This Is 
because when the diameter of the orientation transition 



nucleus area is equal to the cell thickness, a surround- 
ing wall of the incomplete surrounding body Is more 
influential than the upper and lower substrates and, 
thereby the twist orientation of 180 degrees tends to 
remain. 

[0247] When the orientation transition nucleus area 
is too small, there arise problems: "the problem that rub- 
bing cannot be performed on the orientation transition 
nucleus area", "the problem that a process for forming 
the orientation transition nucleus area is difficult to per- 
form", etc. The orientation transition nucleus area, i.e., 
the transient orientation preserving area 603 has a par- 
allel orientation when rubbing is ideally performed. If the 
area 603 does not have the parallel orientation because 
it is not subjected to rubbing, the effect of leaving twist 
of 180 degrees is not adversely affected. It should be 
noted that the area becomes the luminescent spot in 
display of the image If the area 603 Is not parallel-ori- 
ented. 

[0248] The effect of the present invention is further 
enhanced by inclining an outer peripheral face of the 
incomplete surrounding body 601. Figure 56 shows an 
example of its configuration. In this example, the size 
(diameter) of an upper portion of the incomplete sur- 
rounding body 601 is as large as 20 iim and the size 
(diameter) of a lower portion thereof is made larger than 
the size of the upper portion by 1 to 20 |uim to cause the 
outer peripheral face 601a to be inclined in the cell 
thickness direction. With such a configuration, the effect 
of leaving the twist orientation of 180 degrees is further 
enhanced. 

[0249] When the incomplete surrounding body 601 

is made of a material to orient the liquid crystal in paral- 
lel with the outer peripheral face of the incomplete sur- 
rounding body 601 , 5 times or more effect of leaving the 
twist of 180 degrees is provided as compared to the 
case where the body 601 is made of a material to orient 
the liquid crystal vertically to the outer peripheral face of 
the incomplete surrounding body 601 . As the material to 
orient the liquid crystal in parallel with the outer periph- 
eral face of the incomplete surrounding body 601, a 
hydrophllic material may be used, for example. 
[0250] Referring to Figures 50, 51, and 55, it is 
impossible to transition the orientation transition 
nucleus area from the twist orientation of 180 degrees 
to the bend orientation without applying the voltage to 
the area. Hence, the Incomplete surrounding body 602 
to leave the twist orientation of 1 80 degrees of Figure 55 
is formed in the display pixel 63, on the electrode 65, 
and on the source line 62 to which the voltage is to be 
applied. The formation of the incomplete surrounding 
body 601 on the pixel electrode 64 or the electrode 65 
enables preferable bend transition. Normally, the insu- 
lating film is formed on the electrode but this may be 
removed as shown in Figure 51 . This removal allows the 
voltage applied to the electrode 65 to be applied to the 
liquid crystal layer 4 more efficiently. 
[0251] Since the incomplete surrounding body 601 
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is also a steric structure, rubbing is not normally per- 
formed on its surrounding portion, causing the disorder 
of the bend orientation. This has been solved by forming 
the twist-oriented area 603 serving as the orientation 
transition nucleus, i.e., the incomplete surrounding body 5 
601 on the electrode 65 orthe source line 62 masked by 
the black matrix. In this embodiment, it is formed on the 
electrode 65. 

[0252] When forming the incomplete surrounding 
body 601 in the display pixel 63, the area to which the 10 
voltage is to be applied is advantageously large, but it is 
necessary to mask a portion of disordered orientation of 
the liquid crystal 4 so as not to display the same. Since 
the incomplete surrounding body 601 itself transmits 
light when it is transparent, it is necessary to make the 15 
incomplete surrounding body 601 black. 
[0253] Considering the above-described respects, 
the formation of the incomplete surrounding body 601 
on the electrode 65 is advantageous in that the voltage 
can be applied and the incomplete surrounding body 20 
601 is masked with the black matrix not to be displayed. 

(Example 8) 

[0254] Figure 57 is a perspective view showing a 25 
structure of a lower substrate of a liquid crystal display 
element according to an eighth example of the present 
embodiment. Referring to Figure 57, the incomplete 
surrounding body 601 constituted by a column-shaped 
body having a substantially U-shaped cross section is 30 
formed on the lower substrate 202, Rubbing is per- 
formed from an opening 602 of the U-shape to an inside 
of the U shape. This configuration is advantageous in 
that the bend orientation is less disordered because the 
transient orientation preserving area 603 is subject to 35 
rubbing. However, the substantially U-shaped incom- 
plete surrounding body 601 is disadvantageous in that 
the effect of leaving the twist orientation of 1 80 degrees 
is reduced because it has the lack portion 602 larger 
than that of the inlet-shaped incomplete surrounding 40 
body of the seventh embodiment. 

(Example 9) 

[0255] Figure 58 is a perspective view showing a 45 
structure of a lower substrate of a liquid crystal display 
element according to a ninth example of the present 
embodiment. Referring to Figure 58, the incomplete 
surrounding body 601 of this example is constituted by 
four rectangular plate shaped bodies 61 1 a, 61 1 b, 61 1 c, 50 
61 1 d provided on the lower substrate 202 to have a 
clearance 602 between adjacent two bodies and to be 
situated on respective sides of an imaginary rectangle 
when seen in a plan view. In this case, an area 603 sur- 
rounded by the rectangular plate shaped bodies 61 1a, 55 
61 1 b, 61 1 c, 61 1 d corresponds to the transient orienta- 
tion preserving area in which the twist orientation of 1 80 
degrees remains. The clearance 602 corresponds to a 



lack portion of the incomplete surrounding body 601. 
Through the clearance 602, the bend transition pro- 
ceeds. With such a configuration, the effect of leaving 
the twist orientation of 180 degrees and the effect of 
transition to bend orientation are increased. However, 
disadvantageously a high resolution is demanded when 
forming the column spacer constituted by the incom- 
plete surrounding body 601 by using photoresist. 

(Example 10) 

[0256] Figures 59(a)-59(c) are views showing a 
structure of a lower substrate of a liquid crystal display 
element according to a tenth example of the present 
embodiment, wherein Figure 59(a) is a plan view show- 
ing a configuration in which bead spacers are gathered 
in an annular configuration partially opened. Figure 
59(b) is a plan view showing a configuration in which the 
bead spacers are gathered to be arranged in a substan- 
tially annular configuration as having a clearance 
between adjacent two spacers, and Figure 59(c) is a 
plan view showing a configuration in which the bead 
spacers are gathered in a closed annular configuration. 
[0257] First, the configuration in which the bead 
spacers are gathered in an annular configuration par- 
tially opened will be explained. 

[0258] Referring to Figure 59(a), in this example, 
the incomplete surrounding body 601 is constituted by a 
plurality of (in this example five) bead spacers 612 gath- 
ered in close proximity with one another to be U-shaped 
when seen in a plan view. The gathered plurality of bead 
spacers 612 constitute a spacer keeping the spacing 
between the substrates and are in contact with the 
upper and lower substrates. The area 603 surrounded 
by the plurality of bead spacers 612 forms the transient 
orientation preserving area of the Incomplete surround- 
ing body 601, in which the twist orientation of 180 
degrees remains. The portion 602 where there are no 
bead spacers forms the lack portion of the incomplete 
surrounding portion 601, through which the bend orien- 
tation proceeds. 

[0259] The bead spacers 61 2 can be gathered by 

making dispersion time longer. 

[0260] With such a configuration, it is not easy to 
fabricate the liquid crystal display element because of 
difficulty of controlling the gathering of the bead spacers 
612 but the effect of leaving the twist orientation of 1 80 
degrees is significantly increased. 
[0261] While five bead spacers 612 are gathered to 
have a U-shaped configuration in this example, bead 
spacers 612 of three or more Is satisfactory. 
[0262] As shown in Figure 59(b), the bead spacers 
612 may be gathered to be arranged in a substantially 
annular configuration as having the clearance between 
two adjacent spacers. 

[0263] Alternatively, as shown in Figure 59(c), the 
bead spacers 612 may be gathered to have a closed 
annular configuration. In Figure 59(c), the incomplete 
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surrounding body 601 is fornned by gathering three 
bead spacers 612 in close proximity with one another. In 
this case, the clearance 603 formed in a central portion 
of the three bead spacers 612 forms the transient orien- 
tation preserving area of the incomplete surrounding 5 
body 601 and a valley 602 formed between the adjacent 
beads 612 forms the lack portion of the incomplete sur- 
rounding body 601 . 

[0264] The examples of Figures 59(b) and 
59(c)provide the same effects of the example of Rgure 10 

59(a). 

(Example 11) 

[0265] Figures 60(a)-60(c) are views showing a 15 
structure of a lower substrate of a liquid crystal display 
element according to an eleventh example of the 
present embodiment, wherein Figure 59(a) is a per- 
spective view showing a configuration in which an 
incomplete surrounding body having a through hole as 20 
a lack portion is provided. Figure 69(b) is a perspective 
view showing a configuration in which an incomplete 
surrounding body having a notch portion opened 
upward as a lack portion is provided, and Figure 60(c) is 
a perspective view showing a configuration in which an 25 
incomplete surrounding body having a notch portion 
opened downward as a lack portion is provided. 
[0266] In Figure 60(a), the Incomplete surrounding 
body 601 is formed by a cylindrical body having a 
through hole 602 in a peripheral wall thereof. In this 30 
case, an inner space 603 of the cylindrical body 601 
forms the transient orientation preserving area of the 
incomplete surrounding body 601 and the through hole 
602 forms the lack portion of the incomplete surround- 
ing body 601 . 35 
[0267] In Figure 60(b), the incomplete surrounding 
body 601 is formed by the cylindrical body having the 
notch portion 602 opened upward in the peripheral wall 
thereof. In this case, the notch portion 602 forms the 
lack portion of the incomplete surrounding body 601 . 40 
[0268] In Figure 60(c), the Incomplete surrounding 
body 601 is formed by the cylindrical body having the 
notch portion 602 opened downward in the peripheral 
wall thereof. In this case, the notch portion 602 forms 
the lack portion of the incomplete surrounding body 45 
601. 

[0269] The configurations of Figures 60(a), 60(b), 
and 60(c) provide the effect of leaving the twist orienta- 
tion of 1 80 degrees and thereby facilitate the bend tran- 
sition. Among these examples, the configuration of so 
Figure 60(a) is the most effective and desirable. The 
incomplete sun-ounding bodies 601 in these examples 
make a process somewhat complicated and can be 
formed by the photolithograpic method. 

55 

Embodiment 21. 

[0270] The twentieth embodiment utilizes the fact 



that the third orientation state, i.e., the twist orientation 
of 1 80 degrees corresponding to the transient orienta- 
tion state from the bend orientation to the spray orienta- 
tion is partially left in the liquid crystal and the energy 
barrier is less during transition from the twist to the bend 
orientation. The present invention is not limited to this. 
For instance, the orientation state partially left may be 
the bend orientation as the second orientation stated 
[0271] As shown in figure 54(b), in the bend orien- 
tation, the liquid crystal molecules in the central portion 
in the cell thickness direction are oriented vertically. The 
orientation of the orientation transition nucleus is trans- 
formed into the bend orientation to allow the bend tran- 
sition to occur at a high speed. 

[0272] In a twenty-first embodiment, to partially pre- 
serve the bend orientation, the spacer keeping the 
spacing between the substrates is made of a specific 
material arid the liquid crystal panel is cooled while 
applying the voltage. 

[0273] Initially, the liquid crystal panel is heated to 
have isotropic phases and then gradually cooled while 
applying a relatively high voltage, i.e.. a voltage suffi- 
cient to transition the liquid crystal layer to bend orienta- 
tion. The column spacer or the spacer constituted by 
bead spacers is made of a material to arrange the liquid 
crystal molecules in parallel with a side surface of the 
spacer. As the material, a hydrophilic material may be 
used. 

[0274] Then, the voltage is turned OFF In this state, 
the bend orientation or the orientation state of vertical 
arrangement remains in the vicinity of a side surface of 
the spacer. Then, a predetermined voltage is applied to 
the liquid crystal panel. So, the remaining bend orienta- 
tion or orientation of vertical arrangement becomes the 
orientation transition nucleus, causing the bend orienta- 
tion to spread over the entire liquid crystal panel. 
[0275] Consequently, according to this embodi- 
ment, the bend transition takes place at a higher speed. 

Embodiment 22. 

[0276] The present invention is not limited to the for- 
mation of the area easily transformed into the bend ori- 
entation, namely, the partial third orientation state or 
second orientation state, around the steric structure. A 
twenty-second embodiment of the present invention uti- 
lizes a polymer network as a structure for preserving the 
bend orientation or the twist orientation in the liquid 
crystal layer. 

[0277] In this embodiment, in a fabrication process, 
when sandwiching a liquid crystal between substrates, 
the liquid crystal display element is fabricated by addi- 
tion of a liquid crystal monomer into the liquid crystal. 
Then, a transition voltage is applied to a liquid crystal 
layer of so fabricated liquid crystal display element, 
causing the liquid crystal layer to transition to the bend 
orientation. In this state, a liquid crystal panel is irradi- 
ated with an ultraviolet ray. Thereby, the liquid crystal 
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monomer in the liquid crystal is polymerized to form a 
macromoleular net structure in the liquid crystal. 
[0278] In the liquid crystal panel in which the net 
structure is thus formed in the liquid crystal, a portion 
fixed in the twist orientation state is partially present in 5 
the liquid crystal, after the applied transition voltage is 
turned OFF, and the twist orientation remains without 
the applied voltage. 

[0279] When the transition voltage is applied again 
to the liquid crystal panel, the bend orientation is gener- io 
ated from the portion of the remaining twist orientation 
and spreads over the entire liquid crystal panel. In this 
example, the liquid crystal monomer is added at a con- 
centration of 3%. 

[0280] In another example, by addition of the liquid 15 
crystal monomer at a concentration of 1 0%, the liquid 
crystal display element is fabricated likewise. With the 
applied transition voltage turned OFF, the portion fixed 
in the bend orientation state is present in the liquid crys- 
tal layer, and the bend orientation remains without an 20 
applied voltage. Thereafter, the transition voltage is 
applied again, the bend orientation spreads from the 
portion of the bend orientation to the entire liquid crystal 
panel, and consequently, an image is evenly displayed. 
[0281] The invention according to the twentieth to 25 
twenty-second embodiments are not limited to the OCB 
liquid crystal display element. The invention has solved 
a common problem associated with a liquid crystal dis- 
play element using the liquid crystal that are in the first 
orientation state under the no-voltage condition and in so 
the second orientation state under the display voltage 
condition and transitioning the liquid crystal to the sec- 
ond orientation state by application of the voltage suffi- 
cient to pass over the energy barrier existing between 
the first and second orientation states during display. 35 
Accordingly, the invention is applicable to a mode in 
which the liquid crystal generally transitions. 

Embodiment 23 . 

40 

[0282] In a twenty-third embodiment of the present 
invention, a different orientation direction area is formed 
by a lateral electric fields. In particular, an absolute 
value of a twist angle in the different orientation direc- 
tion area is set to 45-1 35 degrees. 45 

(Example 12) 

[0283] Figure 61 is a cross-sectional view for each 
pixel showing a structure of a liquid crystal display ele- so 
ment according to a twelfth example of the present 
embodiment and Figure 62 is a plan view showing the 
structure of Figure 61. In Figures 61 and 62, reference 
numerals U and D denote a viewing direction from 
above and a viewing angle from bottom, respectively. 55 
[0284] Referring to Figures 61 and 62, the liquid 
crystal display element of this example is an active 
matrix liquid crystal display element which is sand- 



wiched between polarizers (not shown) and includes a 
retardation film 703 for optical compensation disposed 
on at least one side thereof. In the liquid crystal display 
element, a color filter substrate 701 and an array sub- 
strate (TFT substrate) 702 are disposed opposite to 
each other. The color filter substrate 701 is structured 
such that the counter electrode 79 is formed on an inner 
surface of the glass substrate 1 and the alignment layer 
3 is formed on the counter electrode 79. A color filter 
and a black matrix (not shown) are formed on the color 
filter substrate 701. The array substrate 702 is struc- 
tured such that the gate and source lines 61, 62, the 
pixel electrode 64, and a switching element 66 are 
formed on the inner surface of glass substrate 8, the 
gate and source lines 61, 62 being provided in matrix, 
the pixel electrode 64 being positioned in the pixel 63 
defined by the gate and source lines 61, 62, and the 
switching element 66 comprising TFT and the like being 
connected to the gate and source lines 61 and 62, and 
the alignment layer 6 covers the inner surface of the 
glass substrate 8 having these constituents. The coun- 
ter electrode 79 and the pixel electrode 64 are made of 
ITO and the alignment layers 3, 6 are made of polyim- 
ide-based resin. 

[0285] The bead spacers (not shown) and the liquid 
crystal layer 4 are disposed between a pair of opposite 
alignment layers 3, 6. The bead spacers have a diame- 
ter of approximately 5 )Lim. The liquid crystal layer 4 is 
made of a positive dielectric constant anisotropic liquid 
crystal material. 

[0286] The pair of opposite alignment layers 3, 6 
have been subjected to alignment treatment to make 
pretilt angles of the liquid crystal molecules that have 
several degrees of opposite positive and negative signs 
on the surfaces thereof and are substantially parallel to 
one another. As shown in the Figure, the alignment 
treatment is performed in the direction 704 from the 
viewing direction D toward the viewing direction U by 
rubbing. Thereby, the liquid crystal layer 4 forms a spray 
orientation state 4a in which the liquid crystal molecules 
spread obliquely in the cell thickness direction. The liq- 
uid crystal layer 4 is transitioned over all the pixels of the 
display element from the spray orientation state 4a in 
the pixel 63 to the bend orientation (see Figure 54) in 
which the liquid crystal molecules are bent between the 
substrates 701 , 702, thereby enabling display. The liq- 
uid crystal display element so alignment-treated in 
these viewing directions to be transitioned from the 
spray orientation 4a to the perfect bend orientation pro- 
vides an extremely wide viewing characteristic in right 
and left viewing directions and becomes an easy-to-see 
display element. 

[0287] In the array substrate 702, a rectangular 
gate-side lateral electric field electrode portion 61a is 
formed on an edge portion of the gate line 61 such that 
It protrudes in the pixel 63 and a rectangularly recessed 
pixel-side lateral electric field electrode portion 64a is 
formed on an edge portion of the pixel electrode 64 that 
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is opposite to the gate line 61 to receive the electrode 
portion 61a. The gate line 61 is made of a metal mate- 
rial such as Al and the electrode portion 61 a is made of 
the metal material of the gate line 61 or ITO. 
[0288] As shown in Figure 62, the alignment treat- s 
ment direction 704 is set in parallel with the source line 
62. The electrode portion 61a is formed as a rectangle 
having a length of 50 iiim and a width of 10 |Lim and 
extends in parallel with the source line 62. A gap L 
between the electrode portions 61a and 64a is approxi- io 
mately 4 urn. An electric field (referred to as a lateral 
field in this embodiment) E parallel to the substrates, 
generated in this gap L is directed to have an intersec- 
tion angle 8^ of substantially 90 degrees with respect to 
the alignment treatment direction 704. 15 
[0289] Subsequently, an operation of so configured 
liquid crystal display element will be explained. In the 
normal liquid crystal display operation of the liquid crys- 
tal display element, a shot-term pulsed voltage is 
applied to the gate line 61 at several tens volts so that 20 
the gate line 61 is sequentially scanned to be turned 
ON/OFF. A video alternating signal voltage is applied to 
the pixel electrode 64. On the other hand, in the transi- 
tion operation, a direct current voltage of at least several 
tens volts or a long-term pulsed voltage is applied to the 25 
gate line 61, and hence the electrode portion 61a, and 
the voltage of the pixel electrode 64 is set to substan- 
tially 0 volt. Thereby, a strong electric field E of the direct 
current or the long-term pulse is generated in the gap L. 
The strong lateral electric field E causes the liquid crys- 30 
tal molecules constituting a lower potion of the spray ori- 
entation of the portion of the liquid crystal layer 4 that is 
situated on the gap L to be laterally twisted toward the 
lateral electric field E, thereby making the intersection 
angle of substantially 90 degrees with respect to the 35 
alignment treatment direction 704, as indicated by refer- 
ence numeral 71 1 of Figure 61. That is to say, the por- 
tion of the liquid crystal layer 4 situated on the gap L 
becomes the different orientation direction area having 
the twist angle of substantially 90 degrees. A high volt- 40 
age of approximately several to 15 volts is applied 
across the counter electrode 79 and the pixel electrode 
64. Thereby, a longitudinal electric field is applied to the 
liquid crystal molecules of the liquid crystal layer 4 caus- 
ing the liquid crystal molecules of the spray orientation 45 
4a to rise. In the liquid crystal layer 4 situated on the gap 
L, spray-oriented liquid crystal molecules rise while 
being twisted as indicated by reference numeral 711. 
For this reason, a transition nucleus 712 tends to be 
generated from the portion of the liquid crystal layer 4 so 
situated on the electrode portions 61a and 64a. The 
transition nucleus 712 is actually generated and devel- 
oped into the bend orientation, which expands rapidly 
by the strong longitudinal electric field to introduce the 
entire pixel 63 to the bend orientation. Consequently, 55 
the transition is completed in a short time within one 
second. According to this method, the transition of the 
entire liquid crystal display element is completed within 



a substantially one second at a low temperature ambi- 
ent of °C or less. 

[0290] In contrast, in case of the conventional liquid 
crystal display element, when the spray-oriented liquid 
crystal molecules are raised without being twisted, it is 
necessary to apply a voltage much higher than the volt- 
age used in the method of this example, that is, a volt- 
age of 15 to 25V, across the counter electrode 79 and 
the pixel electrode 64. Since the transition nucleus is not 
always generated, the conventional element requires 
transition time of several seconds to several minutes 
longer than the time of this example, leading to low- 
speed transition. As evident from this fact, the invention 
of this example provides an excellent effect as com- 
pared to the conventional element. 
[0291] While a pair of the gate-side lateral field 
electrode portion 61a and the pixel-side lateral electric 
field 64a are provided, a more preferable result is 
obtained by providing plural pairs. 

(Example 13) 

[0292] Figure 63 is a plan view for each pixel show- 
ing a structure of a liquid crystal display element 
according to a thirteenth example of the present 
embodiment. 

[0293] In this example, the alignment treatment 
direction 704 is slightly inclined with respect to the 
source line 62 when seen in a plan view, thereby malt- 
ing the intersection angle 0^ with respect to the align- 
ment treatment direction 704 of the electric field E that 
slightly smaller than 90 degrees. The other respects are 
identical to those of the twelfth example. With such a 
configuration, the transition nucleus 712 can be gener- 
ated when the intersection angle is 45 degrees ^ 9^ 
£ 135 degrees, and a more preferable result is obtained 
when the intersection angle 9^ is 80 degrees ^ 8^ ^ 1 00 
degrees, 

[0294] The intersection angle 8^ may be varied by 
inclining the direction in which the lateral electric field 
electrode portions 61a and 64a extend with respect to 
the source line 62. 

(Example 14) 

[0295] Rgure 64 is a plan view for each pixel show- 
ing a structure of a liquid crystal display element 
according to a fourteenth example of the present 

embodiment. 

[0296] The fourteenth example is identical to the 
twelfth example except that a rectangularly recessed 
gate-side lateral electric field electrode portion 61 b is 
formed on an edge portion of the gate line 61 and a rec- 
tangular pixel-side lateral electric field electrode portion 
64b is formed on an edge portion of the pixel electrode 
64 that is opposite to the gate line 61 such that it pro- 
trudes in the electrode portion 61b. With such a config- 
uration, the same effects as provided in the twelfth 
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example is obtained. 

[0297] While the intersection angle is 90 degrees 
in this example, the intersection angle of degrees ^ 
0E ^ 135 degrees is satisfactory. More preferably, the 
intersection angle is 80 degrees g G^ ^ 1 00 degrees. 5 
Most preferably, the intersection angle G^ = 90 degrees. 
[0298] While the gap L between the gate-side lat- 
eral electric field electrode portion 61b and the pixel- 
side lateral electric field electrode portion 64b is 4 finn in 
this example, the range of 3 pirn ^ L ^ 1 5 M.nn is practical io 
in view of the process and applied voltage. 

(Example 15) 

[0299] A fifteenth example of the present embodi- 15 
ment will be described with reference to Figures 61 and 
62. The voltage of the gate-side lateral electric field 
electrode portion 61a during the transition operation is 
made higher than the voltage of the twelfth example to 
make the lateral electric field E stronger to thereby twist 20 
liquid crystal molecules situated in a central portion of 
the liquid crystal layer 4 in a cell thici<ness direction as 
well as the liquid crystal molecules situated in the lower 
portion of the liquid crystal layer 4 toward a lateral direc- 
tion with respect to the alignment treatment direction 25 
704, and a high voltage is then applied across the coun- 
ter electrode 79 and the pixel electrode 64 to cause the 
liquid crystal molecules to rise naturally by a longitudi- 
nal electric field, thereby transitioning the liquid crystal 
layer 4 to bend orientation. With such a configuration, 30 
the transition nucleus 712 is reliably generated in the 
pixel 63, causing the transition to the bend orientation to 
smoothly proceed, whereby transition is completed in a 
short time. 

[0300] While the shapes of the lateral electric field 35 
electrode portions on the gate and pixel sides are rec- 
tangle, they may be a square, a semicircle, a triangle, 
etc. 

Embodiment 24 . 40 

[0301] In a twenty-fourth embodiment of the 
present invention, rubbing is performed on a substrate 
by using a steric obstacle under a specific condition to 
thereby form two twist orientations in clockwise and 45 
counter-clockwise directions as being contact with each 
other. This embodiment is aimed at more intensively 
studying the fourteenth embodiment in which the steric 
obstacle is water-repellent and the eighteenth embodi- 
ment in which the clockwise and counter-clockwise twist so 
orientations are formed in shade portions of rubbing 
due to the steric obstacle as being contact with each 
other. 

[0302] First, a principle of the invention according to 
this embodiment will, be explained. In inventors' experi- 55 
ment, a relatively high voltage is applied to a simple cell 
of the conventional configuration to thereby transition it 
from the spray to the bend orientation. The transition 



from the spray to the bend orientation requires much 
time, for example, several seconds to several tens sec- 
onds. After application of the transition voltage, the 
spray orientation remains. 

[0303] The inventors further studied to reduce the 
transition time and obtain the reliability of transition. In 
fabrication of the liquid crystal cell having the conven- 
tional configuration, one substrate is processed so that 
the liquid crystal is locally oriented in a direction differ- 
ent from the rubbing direction. When the cell is thus fab- 
ricated, a portion in which the liquid crystal is oriented in 
the direction different from the rubbing direction has 
twist orientation. To this cell, the above voltage is 
applied and the transition is observed. It is found that 
the transition always occurs from the twist-oriented por- 
tion. The transition voltage is about 7V when the twist 
angle is about 75 degrees, it is about 5V when the twist 
angle is about 90 degrees, and it is about 3V when the 
twist angle is 120 degrees. When the twist angle of the 
twist orientation is larger, the transition voltage is lower, 
and reliability of transition is higher. 
[0304] Subsequently, a cell provided with a plurality 
of twist-oriented areas having different twist angles is 
fabricated. The above voltage is applied to the cell and 
the transition is observed in detail. The following phe- 
nomenon is found. 

[0305] The portion from which the transition always 
occurs is in the vicinity of a disclination line of a bound- 
ary between the twist orientations twisted in opposite 
directions. The transition occurs at a lower voltage and 
with higher reliability as compared with the conventional 
liquid crystal display element. For instance, when the 
twist orientation of 60 degrees and the twist orientation 
of 75 degrees twisted in the opposite directions are con- 
tact with each other, the transition voltage is about 3V. 
[0306] The principle of the bend transition has been 
described in the eighth embodiment and will not be dis- 
cussed herein. In brief, in the conventional configura- 
tion, the transition voltage is approximately 10-30V and 
an untransitoned portion remains, while it is possible to 
obtain a liquid crystal display element capable of transi- 
tion at an extremely low voltage and with highest relia- 
bility by introducing the principle of the bend transition. 
What is important is that the twist orientations twisted in 
opposite directions are locally formed in the parallel-ori- 
ented area as being contact with each other. 
[0307] However, it is impossible to locally fomn the 
twist orientations twisted in opposite directions in the 
parallel-oriented area only by application of the conven- 
tional alignment treatment to fabrication of the liquid 
crystal display element. Accordingly, the inventors have 
implemented this by providing a minute steric obstacle 
on the substrate and devising the rubbing. 

(Example 16) 

[0308] Figure 65 is a cross-sectional view showing 
a basic structure of a liquid crystal display element 
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according to a sixteenth exannple of the twenty-fourth 
embodiment of the present invention. Referring to Fig- 
ure 65, a liquid crystal display element J of this example 
is structured such that an upper substrate 801 and a 
lower substrate 802 are disposed opposite to each 
other and the liquid crystal layer 4 is disposed between 
the upper and lower substrates 801 , 802, The upper 
substrate 801 is structured such that the transparent 
electrode 2 and the alignment layer 3 are laminated on 
the inner surface of the glass substrate 1 in this order. 
The lower substrate 802 is structured such that the 
transparent electrode 7 and the alignment layer 6 are 
laminated on the inner surface of the glass substrate 8 
in this order and a steric obstacle 803 is provided on the 
transparent electrode 7. The steric obstacle 803 has a 
tip end portion abutting against the upper substrate 801 
and has no alignment layer formed on a surface thereof. 
The steric obstacle 803 has a rhombic cross section 
and is of a column shape having an inclined side sur> 
face increased from the end portion thereof to a base 
portion thereof in this example. The steric obstacle 803 
is constituted by photoresist in this example. The steric 
obstacle 803 is water-repellent to repel an orientation 
agent in the fabrication process, and therefore It has no 
alignment layer on the surface thereof. 
[0309] Subsequently, a rubbing treatment In the 
fabrication process of the liquid crystal display element 
J will be described in detail. 

[0310] Figure 66 is a plan view showing an align- 
ment treatment of the lower substrate of the liquid crys- 
tal display element of Figure 65. 

[0311] Referring to Figures 65, 66, the steric obsta- 
cle 803 is formed on the lower substrate 802 such that a 
diagonal line of the rhombic cross section thereof Is 
substantially parallel to the rubbing direction 69. Rub- 
bing is performed on the lower substrate 802 as indi- 
cated by the reference numeral 69. Then, the following 
knowledge is obtained. In a portion around the steric 
obstacle 803 on the lower substrate 802, a downward- 
rubbing portion of rubbing (referred to as a rubbing 
shade portion, see the eighteenth embodiment) 804 
due to the steric obstacle 803 is formed. In the rubbing 
shade portion 804, a no-rubbing area 805 is formed In a 
portion closer to the steric obstacle 803 and a different 
direction rubbing area 806 rubbing-processed in a 
direction different from the normal rubbing direction 69 
is formed in a portion slightly distant from the steric 
obstacle 803. 

[0312] In this embodiment, since the rubbing cloth 
(not shown) passes over the steric obstacle 803, an 
area of the substrate 802 with which the rubbing cloth 
does not make contact, corresponding to the no-rubbing 
area 805, is generated. Also, since the rubbing cloth is 
repelled, an area rubbing-treated in the direction differ- 
ent from the normal rubbing direction 69, corresponding 
to the different direction rubbing area 806, is generated. 
[031 3] Rubbing is performed on the upper substrate 
801 in the normal rubbing direction 69. 



[0314] As shown in Figure 66, in the liquid crystal 
display element J so alignment-treated, the liquid crys- 
tal layer 4 is oriented to have an angle with respect to 
the rubbing direction 69 according to its alignment treat- 
5 ment in the different direction rubbing area 806 and is 
oriented according to water-rep e I lency or hydrophilicity 
of the steric obstacle 803 in the no-rubbing area 805. 
The liquid crystal layer 4 is parallel-oriented in areas of 
the liquid crystal display element J other than these 
10 areas. That is, twist orientations twisted in opposite 
directions with respect to the rubbing direction 69 are 
formed in the different direction rubbing area 806 as 
being contact with each other and are locally present in 
the parallel-oriented area. As compared to the simple 
15 cell of the conventional configuration, portions transi- 
tioning to the bend orientation are greatly increased, 
and consequently, the transition takes place at a lower 
transition voltage and with higher reliability. Further, the 
portion In which the twist orientations twisted in oppo- 
se? site directions with respect to the rubbing direction 69 
are contact with each other can be efficiently fomried by 
rubbing. 

[0315] The length of the rubbing shade portion 804 
in the rubbing direction 69 varies according to the push- 
es ing depth Dp of the rubbing cloth (see Figure 67). For 
instance, when the pushing depth Dp = 0.3mm, the 
length of the area 804 is approximately 1 5-30 \im and 
when Dp = 0.7mm, the length Is approximately 10-20 
|Lim. That is, the length of the rubbing shade portion 804 
30 can be controlled by varying the pushing depth Dp. 

[0316] While the side surface of the steric obstacle 
803 is inclined inward from the base portion thereof 
toward the tip end portion thereof. Such inclination of 
the side surface allows the steric obstacle 803 to exhibit 
35 water-repel lency. The water- repellency of the steric 
obstacle 803 is stronger as an inclination angle of the 
side surface thereof Is Increased. The steric obstacle 
803 first exhibits water-repellency when the side surface 
thereof has an inclination angle of about 30 degrees 
40 and continues to exhibit water-repellency until it has an 
inclination angle of about 90 degrees. The steric obsta- 
cle 803 may be structured such that a base portion 
thereof is smaller than a tip end portion. Thereby, water- 
repellency is obtained. The effect of water-repellency of 
45 the steric obstacle 803 will be described in greater detail 
In a nineteenth example. 

[0317] White the liquid crystal display element J has 
the basic structure as described above, this example is 
applicable to the liquid crystal display element of the 
50 active matrix type and the other type because this 
example is applicable to a liquid crystal display struc- 
tured to apply the voltage to the steric obstacle and its 
sun^oundlng area. 

55 (Example 17) 

[0318] Figure 68 is a plan view showing an align- 
ment treatment of a lower substrate of a liquid crystal 



33 



BNSDOCID: <EP 1091236A2J_> 



65 



EP 1 091 236 A2 



66 



display element according to a seventeenth example of 
the twenty-fourth embodiment. 

[0319] While the angle made between the rubbing 
direction 69 and the movement direction 591 of the sub- 
strate 802 with respect to the rubbing roller, i.e., the bias 
angle 0 is set to substantially zero degree in the six- 
teenth example, the bias angle 0 is changed and the 
alignment treatment in the rubbing shade portion 804 
due to the steric obstacle 803 is carefully observed in 
this example, as shown in Figure 68. The result is that 
the different direction rubbing area 806 can be align- 
ment-treated in an asymmetric manner seen from the 
rubbing direction 69 when the bias angle © is greater 
than an angle, as shown in the Figure. Specifically, 
when the bias angle 0 is increased from zero degree, 
asymmetry becomes noticeable when the bias angle 0 
is about 15 degrees and becomes great when the bias 
angle © is about 30-45 degrees. When the asymmetry 
of the alignment treatment in the different direction rub- 
bing area 806 is thus greater, a plurality of steric obsta- 
cles are provided such that the respective rubbing 
shade portions 804 overlap with one another, thereby 
stably forming the two twist orientations twisted in oppo- 
site directions as will be described in detail in the twen- 
tieth example. 

(Example 18) 

[0320] Figure 69 is a view showing a structure of a 
rubbing roller used for fabricating a liquid crystal display 
element according to an eighteenth example of the 
twenty-fourth embodiment. 

[0321] Referring to Figure 69, the rubbing roller 51 7 
has a texture surface 81 1 in which buff hairs (fibers) 812 
of the rubbing cloth are transplanted such that they are 
inclined in a rotary axis direction of the roller. Since such 
buff hairs 812 are contact with the substrate with an 
angle relative to the same, asymmetry of the alignment 
treatment of the shade potions becomes great. 
[0322] Thus, according to this example, the asym- 
metry of the alignment treatment of the shade portion 
due to the steric obstacle can be made greater. 
[0323] By using the roller having the texture surface 
811 in which the buff hairs 812 are transplanted as 
being inclined with respect to the rotary axis direction 
thereof and rubbing is performed with the bias angle 
with respect to a run-over direction of the substrate, the 
asymmetry of the alignment treatment in the different 
direction rubbing area can be made significantly great. 

(Example 19) 

[0324] Figure 70 is a plan view showing orientation 
of a liquid crystal in a no-rubbing area of a lower sub- 
strate of a liquid crystal display element according to a 
nineteenth example of the twenty-fourth embodiment. 
[0325] Referring to Figure 70, the nineteenth exam- 
pie is identical to the sixteenth example except that the 



steric obstacle 803 formed on the lower substrate 802 is 
made of a water-repellent material. 
[0326] With such a configuration, the liquid crystal 
molecules can be oriented in a direction 88 different 

5 from the rubbing direction 69(see Figure 66) in the no- 
rubbing area 805 around the steric obstacle 803. This is 
because the liquid crystal molecules is oriented verti- 
cally to the side surface of the steric obstacle 803 by the 
water-repellency of the steric obstacle 803. 

10 [0327] The water-repellency resulting from inclina- 
tion of the side surface of the steric obstacle 803 
described in the sixteenth ^cample provides the same 
effect of water-repellency of this example. In this exam- 
ple, the side surface of the steric obstacle 803 is 

15 inclined like the sixteenth example. It is revealed that 
very strong water-repellency is obtained by thus forming 
the side surface of the steric obstacle 803 made of the 
water-repellent material as being Inclined inward from 
the base portion thereof toward the tip end portion 

20 thereof. 

[0328] As described above, the water-repellency of 
the steric obstacle 803 and formation of the no-rubbing 
area 805 around it allow the liquid crystal molecules to 
be oriented vertically to the side surface of the steric 
25 obstacle 803 in the no-rubbing area 805, thereby form- 
ing a radial orientation seen in a plan view. Therefore, it 
is possible to form the two twist orientations twisted in 
opposite directions and contact with each other effi- 
ciently in the parallel-oriented area. 

30 

(Example 20) 

[0329] Figure 71 is a plan view showing an orienta- 
tion state of a liquid crystal of a liquid crystal display ele- 
35 ment according to a twentieth example of the twenty- 
fourth embodiment. 

[0330] Referring to Figure 71, unlike the sixteenth 
example, in this example, a plurality of (two in the Fig- 
ure) steric obstacles 803 are provided on the lower sub- 

40 strate 802 such that the rubbing shade portions 804 
overlap with one another, rubbing is performed on the 
lower substrate 802 with the bias angle 0 with respect 
to the run-over direction 591, and the respective steric 
obstacles 803 are made of the water-repellent material. 

45 [0331] With such a configuration, since the different 
direction rubbing areas 806 of the plurality of steric 
obstacles 803 overlap with one another and the rubbing 
with the bias angle 0 provides asymmetry to the orien- 
tation of the different direction rubbing area 806, it is 

so possible to form the twist orientations twisted in oppo- 
site directions with further stability as compared with the 
case where one steric obstacle 803 Is provided inde- 
pendently. When the distance between steric obstacles 
803 is 1 0-30 |im, the effect of stably forming the twist 

55 orientations twisted in opposite directions is greatly 
enhanced. Further, in this example, the effect is further 
enhanced because of the water-repellency of the 
respective steric obstacles 803. When the transition 
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voltage is applied to the liquid crystal display element, 
the portions from which transition occurs are signifi- 
cantly increased and the entire liquid crystal panel tran- 
sitions at an extremely low voltage and in a significantly 
reduced time as compared to the conventional simple 5 
cell. 

(Example 21) 

[0332] The steric obstacles of the sixteenth to twen- 10 
tieth examples have rhombic cross sections. In this 
example, the obstacles may have cross sections of 
another shapes (not shown), including a circle, a 
square, etc. When the steric obstacles have cross sec- 
tions of these shapes, the effect of forming the twist ori- 15 
entations twisted in opposite directions is reduced but 
formation of the steric obstacles is easier as compared 
with a case using the steric obstacles having rhombic 
cross sections. 

20 

(Example 22) 

[0333] The steric obstacles of the sixteenth and 
nineteenth examples are water-repellent. In this exam- 
ple, they are hydrophilic (not shown). The other 25 
respects are identical to those of the sixteenth example. 
With such a configuration, since the orientation direction 
of the liquid crystal in the no-rubbing area around the 
steric obstacle only changes, it is possible to form the 
twist orientations twisted in opposite directions effi- 30 
ciently lil<e the sixteenth example. Moreover, this exam- 
ple is advantageous in that the orientation of the 
parallel-oriented area formed around the steric obsta- 
cles is less disordered because the alignment layer is 
formed on the surface of the steric obstacle due to less 35 
tendency of the hydrophilic material to repel the orienta- 
tion agent. 

(Example 23) 

40 

[0334] In a twenty-third example of the twenty- 
fourth embodiment, the steric obstacle is constituted by 

the column spacer keeping the spacing between the 
substrates. When the steric obstacle is constituted by 
the column spacer, it is possible to easily fabricate the 45 
liquid crystal display element without the necessity of 
providing the steric obstacle. There are many types of 
materials of the column spacer, including a highly water- 
repellent material, a hydrophilic material, etc, and it is 
therefore relatively easy to control the orientation of the so 
liquid crystal around the steric obstacle. 

(Example 24) 

[0335] A twenty-fourth example of the twenty-fourth 55 
embodiment uses the liquid crystal display element of 
the active matrix type and utilizes steps of the array 
structure of the array substrate. In a process for fomiing 



the array of the array substrate, steps of 2 jum at maxi- 
mum can be formed. The rubbing is controlled by utiliz- 
ing the steps to enable the formation of the different 
direction rubbing area (see sixteenth example) serving 
as the transition nucleus. In this example, the probability 
that the transition nucleus is generated is reduced but 
the steric obstacle can be easily formed because it is 
formed by the mere change of the array process gener- 
ally used for fabricating the array substrate. 

(Example 25) 

[0336] In the sixteenth and nineteenth examples 1 6 
and 19, the surface of the steric obstacle has vertical 
orientation as water-repellency and in the twenty-sec- 
ond example, the surface of the steric object has hori- 
zontal direction as hydrophilicity. 

[0337] In the twenty-fifth example, the alignment 
layer is tapered around the column spacer to control the 
orientation direction, 

[0338] Figures 72(a) and 72(b) are conceptual 
views schematically showing orientation of a liquid crys- 
tal of a lower substrate of a liquid crystal display ele- 
ment according to a twenty-fifth example of the present 
embodiment, wherein Figure 72(a) is a plan view and 
Figure 72(b) is a cross-sectional view in the direction of 
arrow XXXXXXXIIb-XXXXXXXIIb of Figure 72(a). 
[0339] Referring to Figures 72(a) and 72(b), three 
column spacers 803 constituting the complex column 
spacer are formed on the lower substrate 802. The 
lower substrate 802 has an alignment layer 824 formed 
on the surface thereof but the respective column spac- 
ers 803 have no alignment layer formed on the surface 
thereof. The alignment layer 824 is tapered around the 
column spacer 803 as indicated by 824a such that it has 
a thicl<ness reduced as it is away from the column 
spacer. The lower substrate 802 has been rubbing- 
treated as shown in Figure 22 of the second embodi- 
ment. 

[0340] As a result, as shown in Figure 72(a), liquid 
crystal molecules 821 a in an area 821 around the col- 
umn spacer 803 has orientation parallel with respect to 
a side surface of the column spacer 803. In an area 822 
outside of the area 821, liquid crystal molecules 822a 
are oriented in a direction of taper and in an area 823 
outside of the area 822, liquid crystal molecules 823a 
are oriented according to the rubbing direction. 
[0341] In this example, the alignment layer 824 is 
thus tapered as indicated by 824a to enable the orienta- 
tion in which the liquid crystal molecules extend radially 
from the column spacer 803 as described in the nine- 
teenth example. Thereby, the transition nucleus is 
formed during transition of the liquid crystal from the 
spray to the bend orientation. 

[0342] The tapered structure is not limited to forma- 
tion using the alignment layer. For instance, the taper 
may be formed by coating using resin or by photoresist. 
The simple and easy way to form the taper is to fonn it 
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by using the alignment layer. 

[0343] A satisfactory inclination angle of the 
tapered structure is 0.2 degree or larger and is in a con- 
siderably wide range. 

[0344] While the inclined structure around the col- 
umn spacer 803 is linearly inclined, it may be curved. 

(Example 26) 

[0345] In a twenty-sixth example, the different ori- 
entation direction area is a vertically oriented area. 
[0346] Since the bend orientation has a configura- 
tion in which a liquid crystal rises in the central portion 
of the panel in the cell thickness direction, transition 
preferably occurs by forming a state in which the liquid 
crystal molecules rise or a state with higher pretilt on 
one of the substrates. 

[0347] In this example, the column spacer is used 
as the steric obstacle for shading rubbing and the sub- 
strate having the column spacer is subjected to rubbing 
to thereby fomri a rubbing shaded area having vertical 
orientation. 

[0348] A film with strong vertical orientation as the 
alignment layer is applied to the substrate having the 
column spacer and cured. The substrate is subjected to 
rubbing. So, the rubbing shade area which Is not sub- 
jected to rubbing is generated in a portion reanward of 
the column spacer. This phenomenon is substantially 
identical to the phenomenon shown In Figure 36(b). The 
different between this example and the example of Fig- 
ure 36(b) is that the rubbing shade portion has vertical 
orientation (orientation vertical to the substrate surface). 
In transition of the liquid crystal from the spray to the 
bend orientation, the transition occurs from the verti- 
cally oriented area as the nucleus. 
[0349] The vertically oriented area need not have 
vertical orientation in a strict sense. The vertically ori- 
ented area partially having pretilt of 20 degrees or larger 
is satisfactory. Preferably, the pretilt is 40 degrees or 
larger. With the pretilt of 40 degrees or larger, the verti- 
cally oriented area keeps the bend orientation after dis- 
connection of power supply. 

[0350] The vertically oriented area may be formed 
on one or both of the substrates. 
[0351] Numerous modifications and alternative 
embodiments of the invention will be apparent to those 
skilled in the art in view of the foregoing description. 
Accordingly, the description is to be construed as illus- 
trative only, and is provided for the purpose of teaching 
those skilled in the art the best mode of carrying out the 
invention. The details of the structure and/or function 
may be varied substantially without departing from the 
spirit of the invention. 

Claims 

1. A liquid crystal display element comprising at least 
one substrate and a liquid crystal layer, wherein 
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a different orientation direction area of an ori- 
entation direction locally different from an ori- 
entation direction of the other area is present. 

5 2. A liquid crystal display element comprising a pair of 
substrates and a liquid crystal layer, wherein 

the pair of substrates have been subjected to 
substantially parallel alignment treatment and a 
10 different orientation direction area of an orien- 

tation direction locally different from an orienta- 
tion direction of the other area is present. 

3. The liquid crystal display element of Claim 1, 
15 wherein the different orientation direction area has 

an orientation direction of a liquid crystal in the 
vicinity of the substrate. 

4. The liquid crystal display element of Claim 1, 
20 wherein the at least one substrate has been sub- 
jected to alignment treatment so that a different ori- 
entation direction area of an orientation direction 
locally different from an orientation direction of the 
other area is present. 

25 

5. The liquid crystal display element of Claim 4, 
wherein the alignment treatment is rubbing. 

6. The liquid crystal display element of Claim 5, 
30 wherein means for forming the different orientation 

direction area is a steric obstacle. 

7. The liquid crystal display element of Claim 5, 
wherein means for forming the different orientation 

35 direction area is a column-shaped body. 

8. The liquid crystal display element of Claim 5, 
wherein means for forming the different orientation 
direction area is a cone-shaped body. 

40 

9. The liquid crystal display element of Claim 5, 
wherein means for fomning the different orientation 
direction area Is a convex body. 

45 10. The liquid crystal display element of Claim 1, 
wherein means for forming the different orientation 
direction area is a groove-shaped structure. 

11. The liquid crystal display element of Claim 1, 
50 wherein means for forming the different orientation 

direction area is formation of concave grooves. 

12. The liquid crystal display element of Claim 1, 
wherein means for forming the different orientation 

55 direction area is a photo-alignment treatment. 

13. The liquid crystal display element of Claim 1, 
wherein means for forming the different orientation 
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direction area is a step for local scratching. 

14. The liquid crystal display elennent of Claim 13, 
wherein the step for local scratching is a step for 
pressing a needle-shaped object on the substrate 5 
and moving the object in a plane of the substrate 
with the object pressed thereon. 

15. The liquid crystal display element of Claim 13, 
wherein the substrate includes an alignment layer io 
and the step for local scratching is a step for making 
the alignment layer locally vanish. 

16. The liquid crystal display element of Claim 13, 
wherein the substrate includes an alignment layer is 
and the step for local scratching is a step for locally 
irradiating the alignment layer with a laser beam. 

17. The liquid crystal display element of Claim 1, 
wherein an orientation direction of the different ori- 20 
entation direction area is differentiated 90 degrees 
from the orientation direction of the other area. 

18. The liquid crystal display element of Claim 1, 
wherein a direction of a scratch is differentiated 90 25 
degrees from an orientation direction of the other 
orientation area. 

19. The liquid crystal display element of Claim 18, 
wherein the scratch is a curved line. 30 

20. A method for fabricating a liquid crystal display ele- 
ment comprising at least one substrate and a liquid 
crystal layer in which a different orientation direc- 
tion area of an orientation direction locally different 35 
from an orientation direction of the other area is 
present, wherein 



21. The method of Claim 20, wherein rubbing is per- 
formed plural times. 45 

22. The method of Claim 20, wherein the step for form- 
ing the different orientation direction area is a step 
for scratching on the substrate. 

50 

23. The method of Claim 20, wherein the step for form- 
ing the different orientation direction area is a 
photo-alignment treatment step. 

24. The liquid crystal display element of Claim 1, 55 
wherein the step for forming the different orientation 
direction area is performed in a step identical to the 
step of determining an orientation direction of the 



other area. 

25- The liquid crystal display element of Claim 1, 
wherein the different orientation direction area is 
periodically formed. 

26. The liquid crystal display element of Claim 1, 
wherein the substrate includes pixels and the differ- 
ent orientation direction area is formed for a plural- 
ity of pixels. 

27- The liquid crystal display element of Claim 1, 
wherein the substrate includes pixels and the differ- 
ent orientation direction area is formed for each 
pixel. 

28. The liquid crystal display element of Claim 1, 
wherein the different orientation direction area is 
formed irregularly. 

29. The liquid crystal display element of Claim 1, 
wherein the liquid crystal display element is a liquid 
crystal display element of an OCB type. 

30. The liquid crystal display element of Claim 1, 
wherein a liquid crystal of the liquid crystal layer is 
arranged to have a self-compensated structure. 

31. The liquid crystal display element of Claim 1, 
wherein a liquid crystal of the liquid crystal layer has 
a display orientation condition for display and an ini- 
tial orientation state in a power-off condition which 
are different from each other, comprising transition 
means for transitioning the initial orientation state 
into the display orientation state. 

32. The liquid crystal display element of Claim 1, 
wherein a defect is generated in the different orien- 
tation direction area. 

33. The liquid crystal display element of Claim 31, 
wherein a defect is generated in the different orien- 
tation direction area during action of the transition 
means. 

34. The liquid crystal display element of Claim 32, 
wherein the defect is a boundary between an area 
having a spray orientation center in the vicinity of 
one substrate and an area having a spray orienta- 
tion center in the vicinity of the other substrate. 

35. The liquid crystal display element of Claim 1, 
wherein a pretilt angle varies in the different orien- 
tation direction area. 

36. The liquid crystal display element of Claim 1, 
wherein an orientation direction of a liquid crystal of 
the different orientation direction area is differenti- 



a step for forming the different orientation direc- 
tion area is performed in a step different from 40 
an alignment treatment step for determining an 
orientation direction of the other area. 
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ated 45 degrees or larger from an orientation direc- 
tion of a liquid crystal in the other area. 

37. The liquid crystal display element of Claim 1, 
wherein an orientation direction of a liquid crystal of 
the different orientation direction area is differenti- 
ated 60 degrees or larger from an orientation direc- 
tion of a liquid crystal in the other orientation area. 

38. The liquid crystal display element of Claim 1, 
wherein an orientation direction of a liquid crystal of 
the different orientation direction area is differenti- 
ated 90 degrees or smaller from an orientation 
direction of a liquid crystal in the other orientation 
area. 

39- The liquid crystal display element of Claim 1, 
wherein the different orientation direction area is 
contact with a steric object. 

40. The liquid crystal display element of Claim 1, 
wherein the different orientation direction area 
becomes a transition nucleus. 

41. The liquid crystal display element of Claim 40, 
wherein a voltage is applied to the different orienta- 
tion direction area. 

42. The liquid crystal display element of Claim 41, 
wherein the different orientation direction area is 
formed on a pixel electrode, 

43. The liquid crystal display element of Claim 41, 
wherein the different orientation direction area is 
formed on a storage capacitor electrode. 

44. The liquid crystal display element of Claim 1, 
wherein the different orientation direction area is 
masked. 

45. The liquid crystal display element of Claim 1, com- 
prising means for forming the different orientation 
direction area and means for protecting the different 
orientation direction area. 

46. The liquid crystal display element of Claim 45, 
wherein a distance between the means for forming 
the different orientation direction area and the 
means for protecting the different orientation direc- 
tion area is five times or less as large as the height 
of the steric obstacle. 

47. The liquid crystal display element of Claim 45, 
wherein the means for forming the different orienta- 
tion direction area is disposed in a gap portion of 
the means for protecting the different orientation 
direction area. 
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48. The liquid crystal display element of Claim 1 , com- 
prising means for flattening the substrate. 

49. A liquid crystal display element comprising at least 
5 one substrate and a liquid crystal layer, wherein the 

liquid crystal layer has a parallel alignment area 
and a twist-oriented area. 

50. The liquid crystal display element of Claim 49, 
10 wherein an orientation direction of liquid crystal 

molecules in a central portion of the twist-oriented 
area is different from an orientation direction of liq- 
uid crystal molecules in a central portion of the par- 
allel alignment area. 

15 

51. The liquid crystal display element of Claim 49, 
wherein an orientation direction of liquid crystal 
molecules in the central portion in the twist-oriented 
area has a distribution. 

20 

52. The liquid crystal display element of Claim 49, 
wherein an orientation direction of liquid crystal 
molecules in the central portion of the twist-oriented 
area is differentiated substantially 90 degrees from 

25 an orientation direction of liquid crystal molecules in 
the central portion of the parallel alignment area. 

53. The liquid crystal display element of Claim 49, 
wherein plural types of twist-oriented areas are 

30 formed. 

54. The liquid crystal display element of Claim 49, 
wherein the twist-oriented area has a spray-twist 
orientation. 

35 

55. The liquid crystal display element of Claim 3, 
wherein an alignment treatment direction of the dif- 
ferent orientation direction area is differentiated 90 
degrees or larger from an alignment treatment 

40 direction of the other area. 

56. The liquid crystal display element of Claim 49, 
wherein the twist-oriented area has a normal 
arrangement twist orientation. 

45 

57. The liquid crystal display element of Claim 49, 
wherein a chiral agent is added to a liquid crystal in 
the liquid crystal layer. 

50 58. A liquid crystal display element comprising at least 
one substrate and a liquid crystal layer, wherein the 
substrate has been subjected to alignment treat- 
ment and a locally oriented area is present in a 
direction different from the alignment treatment 

55 direction. 

59. A liquid crystal display element comprising a pair of 
substrates and a liquid crystal layer, wherein the 
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pair of substrates has been subjected to substan- 
tially parallel alignment treatment and a locally ori- 
ented area is present in a direction different from an 
alignment treatment direction. 

5 

60. The liquid crystal display element of Claim 58, 
wherein the substrate includes a steric object and 
the locally oriented area is present around the 

steric object. 

10 

61. The liquid crystal display element of Claim 60, 
wherein the steric object has a surface of vertical 
orientation. 

62. The liquid crystal display element of Claim 60, is 
wherein the steric object has a water-repellent sur- 
face. 

63. The liquid crystal display element of Claim 58, 
wherein the locally oriented area has not been sub- 20 
jected to alignment treatment. 

64. The liquid crystal display element of Claim 58, 
wherein the locally oriented area Is less subjected 

to alignment treatment than the other area. 25 

65. The liquid crystal display element of Claim 60, 
wherein the steric object is constituted by a com- 
plex body of steric objects. 

30 

66. A liquid crystal display element that has a liquid 
crystal, in which a no-electric field orientation state 
in which voltage is not applied to the liquid crystal 
and a display orientation state for display differ from 
each other, the element comprising: as 

means for transition to the display orientation 
state and a column spacer determining a thick- 
ness of the liquid crystal, at least a portion of 
the column spacer functioning as a transition 40 
nucleus. 

67. The liquid crystal display element of Claim 66, 
wherein the liquid crystal display element is a liquid 
crystal display element of an OCB type. 4S 

68. A liquid crystal display element comprising a pair of 
substrates, at least one of the substrates being pro- 
vided with a plurality of steric objects, wherein the 
plurality of steric objects have the steric object con- so 
tact with both of the pair of the substrates and the 
steric object contact with one of the pair of sub- 
strates. 

69- The liquid crystal display element of Claim 68, 55 
wherein heights of the plurality of steric objects are 
substantially equal. 



70. The liquid crystal display element of Claim 68, 
wherein a concave portion is formed on one of por- 
tions of the substrate corresponding to the steric 
objects. 

71. The liquid crystal display element of Claim 68, 
wherein a convex portion is formed on one of por- 
tions of the substrate corresponding to the steric 

object. 

72. A liquid crystal display that has a liquid crystal, in 
which a no-electric field orientation state in which 
voltage is not applied to the liquid crystal and a dis- 
play orientation state for display differ from each 
other, the display comprising: 

voltage application means for transition to the 
display orientation state, wherein a voltage 
value of the voltage application means is 10V 
or less. 

73. A liquid crystal display that has a liquid crystal, in 
which a no-electric field orientation state in which 
voltage is not applied to the liquid crystal and a dis- 
play orientation state for display differ from each 
other, 

wherein the display has no additional func- 
tion for transitioning to the display orientation state. 

74. The liquid crystal display of Claim 73, wherein tran- 
sition to the display orientation state occurs by nor- 
mal display. 

75. The liquid crystal display of Claim 72, wherein the 
liquid crystal display is a liquid crystal display of an 
OCB type. 

76. The liquid crystal display of Claim 72, having a 
nucleus for transition to the display orientation 
state. 

77. The liquid crystal display of Claim 76, wherein the 
nucleus is a transition nucleus due to the column 
spacer. 

78. The liquid crystal display of Claim 76, wherein the 
nucleus is a complex body of steric objects. 

79. A substrate for a liquid crystal display element 
including a steric object formed thereon wherein 
the steric object Is a complex body constituted by a 
plurality of steric objects. 

80. The substrate for the liquid crystal display element 
of Claim 79, wherein at least a portion of the steric 
object functions as a column spacer. 

81. The substrate for the liquid crystal display element 
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of Claim 79, wherein the substrate has been flat- 
tened. 

82. The substrate for the liquid crystal display element 

of Claim 79, wherein a planar shape of the steric s 
object has anisotropy. 

83. The substrate for the liquid crystal display element 
of Claim 79, wherein the steric object is formed for 
each pixel. io 

84. The substrate for the liquid crystal display element 
of Claim 79, wherein a concave portion is formed 
on one of portions of the substrate corresponding to 

the steric objects. is 

85. The substrate for the liquid crystal display element 
of Claim 79, wherein means for forming the con- 
cave portion is insulator removing means. 

20 

86. The substrate for the liquid crystal display element 
of Claim 79, wherein a convex portion is formed on 
one of portions of the substrate corresponding to 
the steric objects. 

25 

87. The liquid crystal display element of Claim 79, 
wherein means for forming the convex portion is 
overlapping of color filters. 

88. A liquid crystal display element comprising at least 30 
one substrate and a liquid crystal layer, wherein the 
substrate has been subjected to alignment treat- 
ment in plural alignment treatment directions and a 
liquid crystal of the liquid crystal layer has parallel 
alignment according to the alignment treatment 35 
directions. 

89. The liquid crystal display element of Claim 88, 
wherein the plural alignment treatment directions 

are differentiated substantially 90 degrees from one 4o 
another. 

90. The liquid crystal display element of Claim 88, 
wherein the plural alignment treatment directions 
are present in a pixel. 45 

91. The liquid crystal display element of Claim 88, 
wherein the plural alignment treatment directions 
are different for each pixel. 

50 

92. The liquid crystal display element of Claim 88, 
wherein the alignment treatment in the plural align- 
ment treatment directions is a photo-alignment 
treatment. 

55 

93. The liquid crystal display element of Claim 88, com- 
prising a polarizer, wherein a polarization axis of 
the polarizer is inclined at an angle of 45 degrees 



78 

with respect to the plural alignment treatment direc- 
tions. 

94. The liquid crystal display element of Claim 88, 
wherein the element is a liquid crystal display ele- 
ment of an OCB type. 

95. A liquid crystal display element comprising a liquid 
crystal that is in a first orientation state under a no- 
voltage condition and in a second orientation state 
under a display voltage and has an energy barrier 
between the first and second orientation states and 
voltage application means for applying a voltage to 
the liquid crystal, wherein the liquid crystal partially 
includes an area in a third orientation state in which 
an energy barrier existing between the second and 
third orientation states is smaller than an energy 
barrier existing between the first and second orien- 
tation states under the no-voltage condition. 

96. The liquid crystal display element of Claim 95, 
wherein the third orientation state is a stationary 
state under the no-voltage condition. 

97. The liquid crystal display element of Claim 96, 
wherein the third orientation state is obtained by 
performing a local alignment treatment on at least 
one of a pair of substrates between which the liquid 
crystal is sandwiched. 

98. The liquid crystal display element of Claim 95, 
wherein the third orientation state is a transient 
state of transition between the first and second ori- 
entation states that is preserved under the no-volt- 
age condition. 

99. The liquid crystal display element of Claim 98, 
wherein the transient state is a transient state of 
transition from the second orientation state to the 
first orientation state. 

100. The liquid crystal display element of Claim 99, com- 
prising a pair of substrates between which the liquid 
crystal is sandwiched and an incomplete surround- 
ing body constituted by a steric object formed on an 
inner surface of the substrate that entirely sur- 
rounds a three-dimensional area such that it circu- 
lates in a plane parallel to the substrate and 
partially has a lack portion which does not surround 
the three-dimensional area, wherein the transient 
state is preserved by the incomplete surrounding 
body. 

101. The liquid crystal display element of Claim 95, 
wherein the third orientation state is at least a por- 
tion of the second orientation state preserved under 
the no-voltage condition 
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102. The liquid crystal display element of Claim 99, 
wherein at least a portion of the second orientation 
state is preserved by a liquid crystal molecule ori- 
entation capability of the steric object existing in the 
liquid crystal. 5 

103. The liquid crystal display element of Claim 99, 
wherein at least a portion of the second orientation 
state is preserved by a net structure existing in the 
liquid crystal. io 

104. The liquid crystal display element of Claim 95, com- 
prising transition means for changing the orienta- 
tion state of the liquid crystal from the first 
orientation state to the second orientation state by is 
application of a voltage. 

105. The liquid crystal display element of Claim 95, 
wherein the area in the third orientation state is 
substantially the same as a portion from which ori- 20 
entation transition occurs, where the first orienta- 
tion state is first changed to the second orientation 
state. 

lOe.The liquid crystal display element of Claim 95, 25 
wherein the liquid crystal display element is a liquid 
crystal display element of an OCB type. 

107.The liquid crystal display element of Claim 95, 

wherein the third orientation state is a twist state. 30 

lOS.The liquid crystal display element of Claim 107, 
wherein a twist angle of the third orientation state is 
90 degrees or larger. 

35 

109. The liquid crystal display element of Claim 107, 
wherein a twist angle of the third orientation state is 
substantially 180 degrees. 

110. The liquid crystal display element of Claim 95, 40 
wherein the third orientation state is a bend orienta- 
tion state. 

ni.The liquid crystal display element of Claim 95, 
wherein the area of the third orientation state is 45 
masked. 

112. The liquid crystal display element of Claim 95, 
wherein the area in the third orientation state is 
formed outside a display pixel. so 

113. The liquid crystal display element of Claim 95, 
wherein the area in the third orientation state is 
formed on a black matrix. 

55 

114. The liquid crystal display element of Claim 95, com- 
prising voltage application means for applying a 
voltage to the area in the third orientation state. 



115. The liquid crystal display element of Claim 95, 
wherein one of the substrates is an active matrix 
substrate which has a storage capacitor and the 
area in the third orientation state is formed on an 
electrode of the storage capacitor. 

116. The liquid crystal display element of Claim 114, 
wherein the area in the third orientation state is 
formed on the pixel electrode. 

117. A liquid crystal display element comprising a liquid 
crystal layer disposed between a pair of opposite 
substrates and an Incomplete surrounding body 
constituted by a steric object formed on an inner 
surface of the substrate that entirely surrounds a 
three-dimensional area such that it circulates in a 
plane parallel to the substrate and partially includes 
a lack portion which does not surround the three- 
dimensional area. 

118. The liquid crystal display element of Claim 117, 
wherein a height of the incomplete sun-ounding 
body is more than a half of a thickness of the liquid 
crystal layer. 

119. The liquid crystal display element of Claim 117, 
wherein a height of the Incomplete surrounding 
body is substantially equal to a thickness of the liq- 
uid crystal layer. 

120. The liquid crystal display element of Claim 117, 
wherein the incomplete surrounding body is a col- 
umn spacer keeping a thickness of the liquid crystal 
layer 

121 -The liquid crystal display element of Claim 117, 
wherein the three-dimensional area surrounded by 
the incomplete surrounding body is connected to an 
area that is not surrounded by the incomplete sur- 
rounding body by means of at least the lack portion. 

122. The liquid crystal display element of Claim 117, 
wherein at least three directions of the three-dimen- 
sional area is surrounded by the incomplete sur- 
rounding body. 

123. The liquid crystal display element of Claim 117, 
wherein a shape of the incomplete surrounding 
body projected to a surface of the substrate is an 
inlet shape having a gap. 

124. The liquid crystal display element of Claim 117, 
wherein a shape of the incomplete surrounding 
body projected to a surface of the substrate is a 
substantially-U shape. 

125. The liquid crystal display element of claim 117, 
wherein the incomplete surrounding body is consti- 
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tuted by a plurality of bead spacers gathered 
between the pair of substrates. 

126. The liquid crystal display element of Claim 117, 
wherein the incomplete surrounding body is consti- 
tuted by a cylindrical body having one of a through 
hole and a notch portion in a peripheral wall thereof. 

127. The liquid crystal display element of Claim 117, 
wherein a diameter of the three-dimensional area is 
five times or less as large as a thickness of the liq- 
uid crystal layer. 

128. The liquid crystal display element of Claim 117, 
wherein a diameter of the three-dimensional area is 
not larger than a thickness of the liquid crystal layer. 



134.The liquid crystal display element of Claim 99, 
wherein the third orientation state is generated by 
turning off a display voltage in the second orienta- 
tion state. 

135-The liquid crystal display element of Claim 134, 
wherein the substrate has a pixel and probability 
that the area in the third orientation state is gener- 
ated in the pixel is 5% or more. 

136. The liquid crystal display element of Claim 99, 
wherein the third orientation area is preserved at a 
room temperature for more than twenty-four hours. 

137. A method for fabricating a liquid crystal display ele- 
ment comprising a liquid crystal that is in a first ori- 
entation state under a no-voltage condition and in a 
second orientation state under a display voltage 
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129. The liquid crystal display element of Claim 117, 
wherein a diameter of the three-dimensional area is 

25 urn or smaller. 20 

130. The liquid crystal display element of Claim 117, 
wherein a size of a portion surrounded by the 
incomplete surrounding body is 5 iim or smaller. 

25 

131. The liquid crystal display element of Claim 117, 
wherein the incomplete surrounding body has a 
characteristic in which liquid crystal molecules of 
the liquid crystal layer are oriented in parallel with a 
wall of the incomplete surrounding body. 30 

132. The liquid crystal display element of Claim 117, 
wherein the incomplete surrounding body is black 
and transmits no light 

35 

133. The liquid crystal display element of Claim 117, 
wherein an outer peripheral face of the incomplete 
sun-ounding body is inclined inward from a base 
portion thereof toward a tip end portion thereof. 
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condition and has an energy barrier existing 
between the first and second orientation states, 
voltage application means for applying a voltage to 
the liquid crystal, and a steric object disposed in the 
liquid crystal and having a liquid crystal molecule 
orientation capability, wherein the liquid crystal par- 
tially includes an area comprising at least a portion 
of the second orientation state under the no-voltage 
condition, comprising: 

heating the liquid crystal to have isotropic 
phases and gradually cooling the heated liquid 
crystal while applying a voltage to the liquid 
crystal to thereby form the area comprising at 
least a portion of the second orientation state 
around the steric object. 

138. A method for fabricating a liquid crystal display ele- 
ment comprising a liquid crystal that is in a first ori- 
entation state under a no-voltage condition and in a 
second orientation state under a display voltage 
condition and has an energy barrier existing 
between the first and second orientation states, and 
voltage application means for applying a voltage to 
the liquid crystal, wherein the liquid crystal partially 
includes an area in a third orientation state In which 
an energy barrier existing between the second and 
third orientation states is smaller than an energy 
barrier existing between the first and second orien- 
tation states, under the no-voltage condition, com- 
prising: 

forming a fine net structure in the liquid crystal 
while applying the display voltage to the liquid 
crystal to thereby form the area in the third ori- 
entation state in the net structure. 

139. A liquid crystal display element that sandwiches a 
liquid crystal between substrates, comprising col- 
umn spacers keeping a predetermined clearance 
between the substrates, the column spacers includ- 
ing a column spacer formed outside a display area, 
and means for adjusting a height of the substrate in 
an area where the column spacer outside the dis- 
play area is fornied. 

140. The liquid crystal display element of Claim 139, 
wherein the means for adjusting the height of the 
substrate is formation of a dummy pattern. 

141. The liquid crystal display element of Claim 139, 
wherein a density of the column spacer formed out- 
side the display area is lower than a density of the 
column spacer in the display area. 

142. The liquid crystal display element of Claim 139, 
wherein a convex portion is formed in the area 
where the column spacer outside the display area 
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is formed. 

143. The liquid crystal display element of Claim 1, 
wherein means for forming the different orientation 
direction area is means for applying a lateral elec- 
tric field. 

144. The liquid crystal display element of Claim 143, 
wherein the lateral electric field at least includes a 
rightward inclined area having a component right- 
ward with respect to the rubbing direction and a left- 
ward inclined area having a component leftward 
with respect to the rubbing direction, 

145. The liquid crystal display element of Claim 143, 
wherein the different orientation direction area is 
formed during a period when a transition voltage is 
being applied. 

146. The liquid crystal display element of Claim 143, 
wherein the lateral electric field is a lateral electric 
field between a gate line and a pixel electrode. 

147. The liquid crystal display element of Claim 143, 
wherein the lateral electric field is a lateral field 
between a source line and a pixel electrode. 

148. The liquid crystal display element of Claim 143, 
wherein a gap between members for generating the 
lateral electric field has a zigzag structure. 

149. The liquid crystal display element of Claim 143, 
wherein a gap between the members for generating 
the lateral electric field is 4 to 20 jam. 

150. A liquid crystal display element comprising a liquid 
crystal layer disposed between a pair of opposite 
substrates wherein a source line, a gate line, and a 
pixel electrode are formed on one of the substrates 
and a counter electrode is formed on the other sub- 
strate, wherein adjacent edge portions of the pixel 
electrode and one of the source and gate lines are 
engaged with each other as having a predeter- 
mined gap seen in a plan view. 

151 .The liquid crystal display element of Claim 150, 
wherein the adjacent edge portions engaged with 
each other are zigzag-shaped. 

152.A method for driving a liquid crystal display element 
comprising a liquid crystal layer between a pair of 
opposite substrates in which a source line, a gate 
line, and a pixel electrode are formed on one of the 
substrates and a counter electrode is formed on the 
other substrate and a different orientation direction 
area of an orientation direction locally different from 
an orientation direction of the other area is gener- 
ated by a lateral electric field, comprising applying a 



gate voltage of a specific sign to the gate line over 
substantially all periods and applying a voltage of 
an opposite sign of the gate voltage to the source 
line and a voltage of the same sign of the gate volt- 
5 age to the counter electrode during a period. 

153. The method of Claim 152, wherein a voltage having 
a scanning waveform for normal driving is applied 
to the gate line. 

10 

154. A method for driving a liquid crystal display element 
comprising a liquid crystal layer disposed between 
a pair of opposite substrates In which source lines, 
gate lines, and a pixel electrode are formed on one 

75 of the substrates and a counter electrode is fomned 
on the other substrate and a different orientation 
direction area of an orientation direction locally dif- 
ferent from an orientation direction of the other area 
is generated by a lateral electric field, comprising 

20 alternately applying different voltages to adjacent 
source lines. 

155. A method for fabricating a liquid crystal display ele- 
ment, comprising forming a different orientation 

25 direction area of an orientation direction locally dif- 
ferent from an orientation direction of the other area 
in a liquid crystal display element comprising at 
least one substrate and a liquid crystal layer. 

30 156.The method of Claim 155, wherein the different ori- 
entation direction area is formed by rubbing. 

157. The method of Claim 156, wherein a bias angle in 
the rubbing is 30 degrees or smaller. 

35 

158. The liquid crystal display element of Claim 41, 
wherein a transition voltage is continuously applied 
on an area from the transition nucleus to the pixel 
electrode. 

40 

159. The liquid crystal display element of Claim 41, 
wherein the pixel electrode is an upper-most layer 
of a pixel structure. 

45 leo.The liquid crystal display element of Claim 43, 
wherein the storage capacitor electrode and the 
pixel electrode overiap each other. 

161. The liquid crystal display element of Claim 150, 
50 wherein the adjacent edge portions engaged with 

each other are convex. 

162. The liquid crystal display element of Claim 161, 
wherein the adjacent edge portions of the pixel 

55 electrode and the gate line are engaged with each 
other. 

163-The liquid crystal display element of Claim 58, 
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wherein an orientation direction of the liquid crystal 
molecules in the vicinity of a substrate surface in 
the locally oriented area gradually changes as it Is 
distant from the locally oriented area to provide 
continuous orientation of the liquid crystal. 5 

164. The liquid crystal display element of Claim 58, 
wherein the steric object has a base portion larger 
than a tip end portion and has a side surface having 

an inclination angle of 30 degrees or larger. 10 

165. The liquid crystal display element of Claim 58, 
wherein the steric object has a base portion larger 
than a tip end portion and has a side surface having 

an inclination angle of substantially 90 degrees. 15 

166. The liquid crystal display element of Claim 58, 
wherein the steric object has a base portion smaller 
than a tip end portion. 

20 

167. The liquid crystal display element of Claim 60, 
wherein an orientation of a liquid crystal closer to 
the steric object that exists in the locally oriented 
area is determined by a liquid crystal orientation 
capability of the steric object and an orientation of a 25 
liquid crystal in a portion distant from the steric 
object Is determined by rubbing. 

168. The method of Claim 156, wherein a size of the dif- 
ferent orientation direction area is controlled by var- 30 
ying a pushing depth of a rubbing cloth. 

169. The method of Claim 156, wherein a bias angle in 
the rubbing is 15 degrees or larger. 

35 

170. The method of Claim 156, wherein a bias angle in 
the rubbing is smaller than 90 degrees. 

171 .The method of Claim 156, wherein buff hairs of a 
roller used for the rubbing are transplanted such 40 
that they are inclined with respect to a texture sur- 
face of the buff. 



vertically oriented area. 

176. The liquid crystal display element of Claim 1, 
wherein the means for forming the different orienta- 
tion direction area is shading of rubbing by the 
steric object. 

177. The liquid crystal display element of Claim 1, 
wherein the different orientation direction area has 
pretilt of 20 degrees or larger. 

178. The liquid crystal display element of Claim 1, 
wherein the different orientation direction area has 
pretilt of 40 degrees or larger. 



20 
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172.The liquid crystal display element of Claim 1, 
wherein the means for forming the different orienta- 45 
tion direction area is an inclined structure of a sur- 
face of the substrate. 



173. The liquid crystal display element of Claim 172, 
wherein the inclined structure is formed by change 50 
of a thickness of an alignment layer. 

174. The liquid crystal display element of Claim 172, 
wherein an inclination angle of the inclined struc- 
ture is 0.2 degree or larger. ss 

175. The liquid crystal display element of Claim 1, 
wherein the different orientation direction area is a 
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